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WMRMiTY 

All Tektronix iMtriMiMts ore warranted 
Oflainsl defective materials ond workman- 
ship for one year. Tektronix trontfermen, 
mottufactured in our own plant, are wor* 
rooted for the life of the instrument. 

Any questions with respect to the wor- 
ranty mentioned above should be taken up 
with your Tektronix Field Engineer. 

Tektronix repoir and replacement-part 
service is geared directly to the field, there- 
fore all requests for repairs and replace- 
ment parts should be directed to the Tek- 
tronix Field Office or Representative in your 
areo. This procedure will assure you the 
forest possible service. Please inclede the 
inctrument Type and Serial number with all 
requests for ports or service. 

Specifications and price change priv- 
Ueqes reserved. 

Copyright © 1964 by Tektronix, Inc., 
Beaverton, Oregon. Printed in the United 
States of America. All rights reserved. 
Cdetents of this publication moy not be re- 
produced in ony form without permission 
of I he copyrightowner. 
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SECTION 7 

CHARACTERISTICS 



Introduction 

Th« Tektronix Type 321 A is a high-performance, dc-to-6 
me, tronsistorized oscilloscope. Its light weight, small size 
and ability to operate from a voriety of power sources make 
it a versotile field and laboratory instrument. The oscillo- 
scope can operate from its Inletnally-contoined rechorgeable 
battery pock, an external dc source or from o 115/i^-volt 
50-800 cycle ac line. Reguloted power supplies in the instru- 
ment, accurote colibrotion, ond precise linearity ossure exact 
lime and omplilude measurements despite normal voltoge- 
source and power-supply-load chonges that occur under 
octuol operoling conditions. 

Operotir>g temperature range derived from tests indicates 
optimum performance ond reliability on its self-contained 
batteries from 0* to -t-40* C at altitudes up to 15,000 feet. 
Temperoture range without botteries when operating from on 
externol source is -—15' C to -4-55* C. Non-operating tem- 
perature range is —55* C to +75* C without botteries 
ond —40* C to -|-50* C with batteries at altitudes to 
50,000 feet. 

for the operotor's convenience, a front-panel bottery light 
indicotes when the internal batteries are low. If exterrtal dc 
or ac operation is being used insteod of the botteries, the 
light turns on if the external voltoge source drops too low 
for proper power supply regulation. 

A 4-position power switch on the front panel permits 
convenient selection of charging rote ond/or power source. 

Vertical Deflection System 

Bandpass — Dc to at least 6 me (3-db down) using dc cou- 
pling; using oc coupling, low-frequency 3-db down point 

is 2 cps lypicol from o I -kc reference. 

Sensitivity — 0.01 v/div to 20v/div in II calibrated steps; 
accuracy is within 3% of fronl-ponel markings. Con- 
tinuously variable from 0.01 v/div to oboui 50 v/div 
uncolibroled. 

Input Impedance — 35 pf nominal paralleled by 1 megohm 
8.2 pf nominal paralleled by 10 megohms 
i'±:2%] when using the P5006 10X Probe. 

Maximum Allowable Input Voltage Rating — 500 volts com- 
bined dc ond peak oc; 500 volts (not 1200 volts) peok-lo- 
peak oc. 

Triggering 

Type — Automatic, or ompliiude-level selection using pre- 
set stability. 

Mode — Ac -coupled or Dc-coupled. 

Slope — Plus, from rising slope of triggering woveform, or 
minus from negotlve slope of triggering woveform. 

Source — Internal from verticol signol, or external from 
triggering signal. 



Signal Requirements — Internal; 0.2 major division verticol 
deflection ol I kc increasing to 1 major division at 6 me. 

External; 1 volt peak-to-peok ot 1 kc increasing to 3 volts 
peok-to-peok at 5 me. Nominal input impedance; 5pf 
porolleled by 100 kilohms (:±30%). 

Sweep 

Type— Miller Integrotor. 

Sweep Rotes — O.Sftsec/div to 0.5$ec/div in 19 calibrated 
steps Accurate SX sweep mognifier extends calibrated 
rartge to 0.1 fisec/div. Calibrated sweep-rote accuracy 
IS -tr3%. Sweep lime adjustable between steps and to 
>1.5sec/div uncollbraled. 

Extemol Horizontal Input 

Bandpass — Oc to ot least 1 me (3-db down). 

Defleciion Foctor — 1 v/dv ±10% with 5X mognifier on. 

Input Impedonce — 30 pf lypicol porolleled by 100 kilohms 

(± 5 %). 

Amplitude Calibrator 

Square Wove — Frequency about 2 kc. 

Amplitude — 500 mv peok-topeok. Also 40 mv peok-to- 
peak Iniernolly coupled in CAL 4 DIV position of VOLTS/ 
DIV switch. Peok-lo-peak amplitude accuracy is ±3%. 

Cathodo'Roy Tube 

Type — Spedol Tektronix-monufactured T32I1. 3" flat-face, 
post-deflection accelerator. Low heoter power. 

Accelerating Potential— 4 kv. 

Z-Axis Modulation — External terminal permits RC coupling 
to ert grid. 

Unblanking — Deflection unblonking. 

Phosphor — Type P31 normally furnished; PI, P2, P7, and 
PI1 phou>hors optional. CXher phosphors furnished on 
special order. 

Graticule 

llluminotlon— Vorioble edge lighting when operating from 
oc line. 

Display Areo— Marked in 6-verticol ond 10-horizontal V/' 
divisions. 

Power Requirements 

Source — Operotes from 10 size D floshlight cells, or 10 
size D rechargeable cells (opproximotely 3 hours using 
2.5 ompere-hour cells; approximately 5 hours using 4 
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ChorocterisHcs — Typ* 321 A 

omp«r«-hour cells), or 11^ to 35 volts dc (aircraft, outo, 
boot, etc.], or 103.5 to I2d.5 volts or 207 to 253 volts, 
rms, SO to 600 cycles, single-pbose oc. 

Power Consumption — Approximately 700 ma from iniemol 
botteries or externol dc source; 20 wotts nominal ot 
115-volt ac line. 

Temperature Protection— Thermal cutout switch interrupts 
power if ombient temperature exceeds 131* F (55* Q. 

Built-in battery chorger is liondard equipment. 

Environmental Copobilities 

Vibrotion (operating) — 0.025" peak-to-peok, 10 to 55 to 
lOcpi in 1 minute sweeps (4 G's] for IS minutes on 
each oxis. Three-minute vibrotion at resonance or 
5Scps on eoch oxis. 

Shock (operating] — 20 G’s, Vs <>ne, 1 1-msec durotion. 
Two shocks each direction along eoch of the three 
mojor oxis: bottom, top, left side, right side, front 
□nd reor. Total of 12 shMiu. 



Shock (non-operating)— 60 G's, Vj sine, 11 -msec dura- 
tion. One shock each direction olong eoch of the throe 
major oxis; total of 6 shocks. 

Humidity (non-operating) — Meets Mil-Std-202B, method 
106A (except freezing and vibration) through 5 cycles 
(120 hours). 

Tronsit (non-operating) — Meets Notionol Safe Transit test 
when foctory pockoged. Vibrotion for one hour at 

slightly greeter than one G. Eighteen-inch drop in ony 
orientotion. 



Mechanical Specifications 

Construction — Aluminum olloy chassis ond cabinet. 

Finish — Anodized panel, blue vinyl-finish cabinet. 
Dimensions — B'/j" high, 5 V 4 " wide, 16" deep overall. 



ACCESSORIES 

Information on accessories for use with this instrument is 
included ot the rear of the mechanical parts list. 



1-2 




SECTION 2 

PRELIMINARY INSTRUCTIONS 



Power Requirements 

The regulated power supplies in the Type 321 A wilt operate 
form 115-v or 230-v rms oc line, from on exterrtol dc source 
(11.5 to 35 volls), or from a "boUery pock " consisting of 
either 10 size D flashlight cells or 10 size D rechargeable 
cells. 



Fuse Data 

Use only the recommended fuses in the Type 321 A Oscil- 
loscope. The upper fuse, F521 (see Fig. 2-1), is o I.Samp 
3AG Fast-6io; the lower fuse, FdOl, is a .25-amp 3AG Fasl- 
Blo. Neither fuse needs to be changed if the oscilloscope 
is converted from one line voltage to the other (115 v ond 
230 v). 




Fig. t-l. L»eatlpn •! fu*»< and Chorgpr (latt-ild* vlaw). 

Ac Operation 

Unless tagged otherwise, your instrument is connected at 
the foctory for operation at 103.5 to 126.5 volts, 50 to 800 
cycles oc (115 volls nominal). However, provisions ore mode 
for easy conversion to operate ol 207 to 253 volts, 50 to 
800 cycles (230 volts nominol). The power transformer T601 
is provided with split input windings which ore normally 
connected in porallel for 115-volt operation, but which con 
be connected in series for 230-volt operation. 

The primary windings ore marked 1, 2, 3, ond 4. Terminals 
1 and 3 ore connected to one winding and terminals 2 and 4 
ore connected to the second winding. The ac input leads are 
connected to terminals 1 and 4 for both 115-volt ond 230- 



volt operotion, so these connections do not have to be 
chonged when converting from one line voltage to the other. 

When wired for 115-volt operation, terminals 1 and 2 are 
joined by a bare bus wire, and terminals 3 ond 4 ore simi- 
larly joined, as shown in Fig. 2-2(a). To convert to 230- 
volt operation, remove the bare bus wires between these 
terminols and substitute a single connecting wire between 
termirtals 2 and 3, as shown in Fig. 2-2(b). 

To turn on the Type 32IA when the power cord is con- 
nected to the oscilloscope power connector and to the ac 
voltage source, set the POWER switch to EXT ON. To turn 
off the oscilloscope, set the POWER switch to TRICKLE. The 
TRICKLE position can be regarded as the normal ’ off" posi- 
tion for the instrument 



fo IIS-v AC 




lb) 



Fig. i-i. (at Trantfermar <ann«ti»n for oparaiion Irom 103. S- 
134. S volt ac lint; (bl ctnntclionc for eptrolien Irom 307-353 
voll CK lint. 

As long as the ac power cord is connected to the ac lino, 
power is being applied to the power transformer T601, ac- 
rectifier circuit, and grolicule lights for oil positions of the 
POWER switch. Application of power lo these circuit is re- 
quired to provide battery-charger operation for the internal 
botteries; the groticule lights provide visuol indication that 
these circuits are "on". Power to the bottery charger itself is 
controlled by o Charger switch [see Fig. 2-1). If the switch 
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IS set to lOW or HIGH, the ac rectifier is connected to the 
battery charger circuit which, in turn, provides charging cur- 
rent to the internol rechargeoble batteries. 

NOTE 

if dry cells are used instead of rechargeable bot> 
leries, theri the Charger switch must be set to DRY 
CELLS to disconnect the charger circuit. For further 
information obout battery operation, refer to the 
topics tilled "Battery Operation" and "Battery 
Charger" appearing in this section of the manual. 

if the Type 321 A is being operated exclusively from the 
ac line and the Internal batteries ore removed, the Charger 
switch can remain in the DRY CELLS position to disconnect 
Iho charger circuit. It you prefer to completely turn off 
oil power to the Type 321 A, set the POWER switch to 
TRICKLE and either disconnect the power cord from the 
QC line or turn off the power ot o wall switch (or equiv- 
aloni|. 



Ekittery Opergtion 

Operotion from the internal battery source con be accom- 
plished by usingr 



1. Ten size D flashlight colls (approximately ’/j-hour con- 
tinuous operotion, more with intermittent operation), or 

2. Ten size D Alkoline cells such os Evereody E95, Burgess 
AL-2, or Mollory MN-1300 (about 2'/j hours continuous 
operation], or 

3. Ten size D nickel-cadmium rechargeable cells (up to 
about 5 hours continuous operation, depending on the 
type used). 

The nickel-cadmium cells ore the most proctical type where 
considerable battery operation is plonned. 

To install the cells, first open the bottery cover as illus- 
trated in Fig. 2<3. Next, install the boiteries by following 
the procedure given in Fig. 2-4. 

CAUTION 

Be sure to observe celt polarity indicated on the 
bollery cover. 

To turn on the Type 321A when operoting from the internol 
botferies, set the POWER switch to BATT ON. To turn off the 
oscilloscope, set the POWER switch to one of the OFF posi- 
hons-— FULL or TRICKLE. These OFF positions disconnect 
the botteries from the OKilloscope load (10-volt regulated 
supply! so there is no battery droin. To charge the recharge- 
oble botteries, refer to the next topic tilled "Battery Charger". 




wrtw fp vnl«(k 
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Hg. 2*3. balt«ry <ov«p from Typo 321 A OKlll«»cop«. 
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IntofiMl tenefy Termlital* 



AC Paw«r 
Core 

Conn«ct«r 



€irt«rr>ol 

DC 

C»An#<t#r 



f. boHviy 



4. Imtoll baW#fy <9v#f. 



M fM ^H ry K»l4»r. Mr* 
to obMWO coll polor^ «« In- 
iicttd on 4feo cooor. 



2-4. Pro<oduro for inttollln^ rti* bot1«ri*$. 



Battery Charger 

As mentioned previously, the battery chorger is connected 
to the internal batteries as long as the ac power cord Is 
connected to on ac power source and the Chorger switch 
(see Fig. 2-1 ) is set to HIGH or LOW. No chorging occurs if 
the Charger switch is set to DRY CELLS. 

Table 2-1 summarizes the charging currents Ihot can be 
obtolned by using various line voltages in combination with 
various settings of the POWER and Charger switches. The 
table shows the Type 321 A wired for 115-volf nomlnol line 
operation. If the oscilloscope is wired for 230-volt nominol 
line operotion, the charging currents will still be the same 
but the ac line voltages will be twice the amount shown in 
the table. 

Use Toble 2-1 as on oid in determining the proper posi- 
tion for the POWER ond Chorger switches for the portlculor 
brand or type of rechorgeoble batteries being us^ in the 
Type 321A. After setting the switches to Iheir proper posi- 
tion, the line voltage con then be set to the charging rote 
recommended by the manufacturer of the cells. An auto- 
transformer having a rating of at least I ompere and 
equipped with on rms-reading ac voltmeter con be used to 
set the line voltage. 

When using rechargeable botteries, sixteen hours of 
charging at the full rated chorging current recommended 
by the manufacturers should be odequate to fully charge 
the batteries. Excess chorging may damoge the batteries. 



One method for determining charge conditions of the bot- 
teries is to set the POWER switch to BATT ON and then 
meosure the voltage across the battery terminols (see Fig. 
2-41- A reoding higher then 13 volts indicates thot the 
botteries are fully charged. A reoding lower than 13 volts 
indicotes that more charging time is required. 

As mentioned previously, if dry cells arc instolled in the 
battery holder and the Type 321A is being operoted from 
the ac line, the Charger switch must be set to the DRY CELLS 
position. This position disconnects the chorging circuit from 
■he batteries. 

TABLE 2-1 



Charging Currents 



POWER' 


Chorger 




Aproximate Charging 




Switch 


Switch 




Current in 


Ma 




Kosilion 


Position 


103.5 


v 109 v 


115v 


121 v 


126.5 v 


EXT ON 


LOW 


20 


24 


27 j 


31 


33 


HIGH 


22 


26 


30 I 


33 1 


35 


TRICKLE 


LOW 


31 


34 


38 I 


41 


44 


HIGH 


34 


37 


41 


44 


48 


FULL 


LOW 


160 


1 180 


200 


220 


230 


HIGH 


290 


, 320 


360 


380 


410 



*Tho ftATT ON poiih'OA it not Includoc^ in Iho loblt bocouio tho 
Typo 22 1 A ihogfd not bo operotod from tho oc line ond the 
boMenos o» tho %omn timo. tooioni lottery drain exc««dt cHor 9 * 
ing role. 
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Oc Operation 

Operation From an external dc source i* acomplished by 
connecting >Fie special pigioil-type dc power cord in the 
proper manner. For 11.5- to 30-volt operation, the black 
l-fl and white |— ) leods are connected to the voltoge 
source; For 30- to 35-volt operation, the green |+| and white 
(--') leads are connected to rho voltoge source. When the 
connections to the externol dc voltage source are properly 
mode, the external dc source is Floating with respect to the 
Type 33IA chossis. Up to 600 volts diFFerence is permissi- 
ble, if necessory. 

To turn on the Type 321 A, set the POWER switch to EXT 
ON. To turn oFF the oscilloscope, set the POWER switch to 
one of the OFF positions — TRICKLE or F^LL. 

When operoting From the externol dc source, the ac line 
cord should be disconnected. That is, only one of the exter- 
nal sources should be used rather than both at the some time. 



NOTE 

The internal bottery charger circuit Is disconnected 
during external dc operation. Therefore, external 
batteries (if used as the dc source) connot be 
chorged by connecting the line cord to the ac line. 
Also, on externol dc source cannot be used to 
charge the internal batteries since the POWER 
switch does net electrically connect the two 
sources together. 

LOW BAHERIES Ught 

The LOW BATTERIES light turns on when the following 
conditions exist: 

1. The POWER switch is set to BATT ON ond the internal 
batteries drop to 11.5 v (i:0.2 v) or lower. 

2. The POWER switch is set to EXT ON ond the exterrial 
source voltoge is low enough to cause the Type 321A un- 
regulated voltage to drop to oboul II.Sv or lower. 
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SECTION 3 

OPERATING INSTRUCTIONS 



General Information 

The Type 321A Oscilloscope is an extremely versatile In- 
strument, odaploble to a great number of opplications. How- 
ever, to moke full use of the instrument, it is necessary thot 
you understand completely the operation of eoch front-panel 
control. This portion of the manual is intended to provide 
you with the basic information you require. If you are 
familiar with other Tektronix oscilloscopes, you should hove 
very little difficulty in understanding the operotion of the 
Type 321 A. The function of many controls is the some as 
the function of corresponding controls on other Tektronix 
instruments. A front-panel view of the Type 321A is shown 
in Fig. 3-1 . 



Intensify Control 

The INTENSITY control is used to odjusi the troce bright- 
ness. This permits odjustment of trace intensity to suit the 
ambient light conditions and changes in intensity coused 
by changes in the sweep triggering rate (sweep duty cycle). 
Clockwise rotation increases the intensity ond counterclock- 
wise rotation decreases the intensity. 



Focus and Astigmatism Controls 

The FOCUS ond ASTIGMATISM controls operote in con- 
junction with each other to allow you to obtain o sharp, 
cleorly defined spot or troce. To adjust these controls: 

1. Adjust the INTENSITY control for the most pleosing level. 

2. Set the ASTIGMATISM control to midscale. 

3. Adjust the FOCUS control for sharpest detail. 

4. Adjust the ASTIGAAATISM control as necessary for best 
overall focus. 



Graticule Illumination Control 

The groticule used with the Type 321 A is accurately 
marked with 10 horizontal and 6 vertical divisions, with 0.2- 
division markers on the centerlines, These graticule morkings 
allow you to obtain time and voltage meosurements from 
the oscilloscope screen. 

Graticule illumination is adjusted by the SCALE ILLUM 
control, located just to the right of the oscilloscope screen. 
Roioting the control clockwise increases the brightness of the 
graticule markings and counterclockwise rololion decreases 
the brightness. 

NOTE 

The graticule it illuminated or>ly when operating 
from on oc line. This permits longer operation 
when on batteries. 



Positioning Controls 

Two controls ore used with the Type 321 A Oscilloscope 
to position the trace or spot on the screen. 

The HORIZONTAL POSITION control moves the trace to 
the right when it is rotated clockwise ond to the left when it 
is rotated counterclockwise. This control has o positioning 
range of opproximotely 15 divisions with the sweep magnifier 
off, and opproximotely 75 divisions with the sweep magnifier 
on. 

The HORIZONTAL POSITION control is a combination 
coorse/vernler type of control. Built-in blocklash between 
its two sections permits 30° of vernier odjustment for o given 
coorse setting. If a 30* range is exceeded, the coarse ad- 
justment tokes over to provide fast positioning of the trace. 

The VERTICAL POSITION control hos sufficient ronge to 
position the troce completely off the top or bottom of the 
screen, or to ony intermediate point. The troce moves up 
when the control is rotated clockwise ond down with the 
counterclockwise rotation. 



Intensity Modulation 

The crt display of the Type 321 A Oscilloscope con be in- 
tensity moduloted by on external sigrral to disploy additional 
informolion. This is accomplished by disconnecting the 
grounding bor from the CRT GRID connector ot the reor of 
the instrument and connecting the external sigrrol to this 
terminol. A negotive signal of opproximotely 30 volts peak 
is required to cut off the beom from maximum intensity, less 
with lower intensity levels. Negotive-going signals as low os 
5 volts peak will accomplish intensity modulation. 



HORIZONTAL DEFLECTION SYSTEM 
Horizontal Sweep 

The usual oscilloscope display is o grophicol presentation 
of inslontoneous voltoge versus time. Volloge is represented 
by verticol deflection of the troce and time is represented 
by horizontal deflection. To obtoin o useful disploy, the spot 
formed by the eleciron beam is deflected horizontally at a 
known rote, so that any horizontol distonce on the screen 
represents a definite known period of lime. The trace formed 
by the deflection of the spot across the screen is known os 
the horizontol sweep. Since the horizontal deflection of the 
spot bears o definite relationship to time, and provides the 
meons for making lime measurements from ihe screen, the 
horizonlol sweep is olso known as the time base. (See Fig. 
3-2). 

The rale at which the spot is deflected ocross Ihe screen 
is occurotely controlled by the setting of the TIME/DIV con- 
trol. The setting of the TIME/DIV control determines the 
sweep rate, and thus ihe number of cycles disployed on the 
crt screen. The control is set to disploy ihe portion of the 
waveform you wish to observe. 
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HORIZONTAL CONTROLS 






TRIGGERING CONTROLS 



DC >Al fai f*n>nt 

<k iMlarK* oi VtrMcsl Amplifier. 



VERTICAL CONTROLS 



CAL OUT SMMV — T*rm>n«l pro- 
vldpi SOO-mT <qwer* w«y» for 
(omponiotinp pcobo. 



lEVEU— 4«lo(n point on tiigeoting 
tignol at which >woop l< trlggorod. 



SLOK-*-4>otorniirtoc whothor iwoop 
i« triggorod on 4 or — ilopo of 
Iriggoriiig olgnol. 



AC>OC— Soloctt AC or DC ceupllitg 
for triggoring lignai. 



INT*iXT— SolocH oithor Intornal or 
oxtornol triggoring •Jgnol. 



FOCUS — Cenirolo thorpnoit of 
ipol or ITCKO. \ 



ASTIGMATISM — Utod in ceniunt- 
rion with FOCUS to obtoln ovorall 
focin. V 



CRT CONTROLS 



INTrNSITT—»Centrelo brighlnoft of 
tioco. 



SCAU ILIUM — AdtvUi brightnoit 
of groticult <notlilne> (whon opor> 
otlng from AC llnol. 



HORIZONTAL POSITION — Ceorio- 
vomlor rypo of control Hiot poil- 
flont traco heriientallv. 



POWfft^Swilch tvmt rogulolod 
IO*volt powor on artd off. Alto, 
tolocft charging rato. 



TIME/OIV and VARIABLE — Solocti 
twoop rot# and oxtomol herliontal 
Inpirl. 



EXT HORIZ INPUT—Tormlnol for 
occeptlng oxttrnol horfsontof sig- 
nal. 



STABIUrr — Poloi«ttoMolor for tol- 
ling dc lorol of iwttp gonorotor. 



INPUT — Ttrminol for occopling o«- 
Hrnol triggoring tIgnoJ. 



VERTICAL POSITION — PotiHont 
iroco vortlcellv- 



INPUT — Tfimlnal for occopling 
wavofomii to bo dltployod on crt. 



90LTS/DIV and VARIABLE — So- 
locti vorlicol doflocKon foclor ond 
callbralor signal 



AC-OC-ONO — Solocit oilhor AC or 
DC Input coupling. Tho CND poti- 
tion connocit tho Vortical Ampliflor 
to ground bvl doot not ground 
tho input tignol. 



Fig. 3-1. Funcdoni el tho Typo 3Z1A Otcllletcopo frani-^nol coniroli. 



3-2 







OperaHng InstrvcHeni — Type 321A 




Fig. 3*3. Th« aKilleicop* ptelt Imtonlenaeut valrega variui Nma, 
riiarahir laiving bath b> a valtaiaiar and a tiiaar, 



The Time Base ho$ 19 occuralely colibroted sweep rotes 
ronging from .Spsec/div to 3sec/div. These colibroted 
sweep rotes ore obtained when the VARIABLE (TIME/DIV) 
control is fully clockwise in the CALIB position. The TIME/ 
DIV switch selects the colibroted sweep rotes and con be 
rotated 360” since there ore no mechonicol stops. The VARI- 
ABLE control permits you to vory the sweep role continuously 
between .Sfisec/div and opproximotely 1.5sec/div. All 
sweep rotes obtoined with the VARIABLE control in ony 
position other thon fully clockwise ore uncolibroted. 



Sweep Magnifier 





Unmegnitiad Wovaterin 




Fig. 3-3. Opararlan at tha «waap magnltiar. 



Sweep Triggering 

The oscilloscope display is formed by the repetitive sweep 
of the spot across the oscilloscope screen. If the sweeps ore 
allowed to occur ot rondom, or a rote unrelated to the input 
waveform, the displayed woveform will be traced out at o 
different point on the screen with each sweep. This will 
either cause the waveform to drift ocross the screen or to be 
indistinguishable. 



The sweep magnifier allows you to expand any two- 
division portion of the displayed waveform to the full ten- 
division width of the groticule. This is accomplished by first 
using the HORIZONTAL POSITION control to move the por- 
tion of the disploy you wish to expand to the center of the 
graticule, then plocing the SX MAG switch in the "on " posi- 
tion (pull out the red VARIABLE TIME/DIV knob; see Fig. 
3'3). Any portion of the display mognified by the horizontal 
sweep con then be observed by rotating the HORIZONTAL 
POSITION control. 

In mognified sweep operation, the sweep role indicated 
by the position of the TIME/DIV switch must be divided by 
5 to obtoin the actual time required for the spot to move 
one division. For example, if the TIME/DIV switch is set to 
5 MILLI SEC, the actuol lime per division is 5 milliseconds 
divided by 5, or 1 millisecond per division. The actual time- 
per-division must be used for all tirtie measurements. 

External Horizontal Input 

For special applications you can deflect the trace hori- 
zontally with some externally derived waveform rather than 
by means of the internol sweep sawtooth. This allows you 
to use the oscilloscope to plot one function versus another. 

To use the external horizontal input, connect the externally 
derived waveform to the EXT HORIZ INPUT connector and 
ploce the TIME/DIV switch in the EXT position. The hori- 
zontal deflection factor is opproxlmaiely 1 voil/division with 
the 5 X MAG on. 



In most cases it is desiroble for repetitive woveforms to 
appear stationary on the oscilloscope screen so that the 
characteristics of the waveform con be examined in detail. 
As a necessary condition lor this type of display, the start 
of the sweep must beor a definite, fixed-time relationship to 
the observed woveform. This meons that eoch sweep must 
storl at the same time, relative to some point on the observed 
waveform. In the Type 321 A, this is accomplished by start- 
ing or triggering the sweep with the displayed waveform, or 
with another waveform bearing a definite time relationship 
to the disployed waveform. 

The waveform used to start the horizontol sweep is called 
a "triggering signal" (whether it is the waveform being ob- 
served, or some other woveform). The following instructions 
tell you how to select the triggering signal source. 

Selecting the Triggering Source 

In preporing the Type 321 A Oscilloscope for triggered 
operation of the sweep, it is first necessary to select the 
triggering signal source v^ich will provide the best display 
for the particulor application. The sweep can be triggered 
by the disployed waveform, or by an externally derived 
waveform. This selection is mode by the setting of the INT- 
EXT switch (see Fig. 3-4). Each type of triggering hos certain 
advantages for some applicotions. 

Triggering from the disployed waveform is the method 
most commonly used. The displayed waveform is selected 
when the INT-EXT switch is in the INT position. Internal trig- 
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gering is convenient since no external triggering connections 
ore required. Satisfactory results are obloined In most appli- 
cations. 

To trigger the sweep from some external waveforrn, con- 
nect the triggering waveform to the (TRIGGERING) INPUT 
connector and place the INT-EXT switch in the EXT position. 
(External triggering provides definite advonlages over in- 
ternal triggering in certain cases.) With external triggering, 
the triggering signal usuolly remains constant in amplitude 
end shape, It is thereby possible to observe *he shaping ond 
amplification of o signal in an external circuit without reset- 
ting the oscilloscope triggering controls for each observotion. 
Also, lime and phase relotionships between the woveforms at 
different points in the circuit con be seen. If, for exomple, 
the external triggering signol is derived from the waveform 
at the input to a circuit, the time relationship ond phase of 
the waveforms at each point in the circuit ore compared to 
the input signol by the display presented on the oscilloscope 
screen. 

Selecting the Triggering Slope 

The horirontol sweep can be triggered on either the rising 
or foMirig portion of the triggering woveform. When the 
SLOPE switch is in the + position, the sweep is triggered 
on the rising portion of the triggering waveform; when the 



SLOPE switch is in the — position, the sweep is triggered on 
the falling portion of the woveform (see Fig. 3-5). 

In mony opplicotions the triggering slope is not important 
since triggering on either slope will provide a display suitable 
to the opplicalion. 

Selecting the Triggering Mode 

Automatic Mode 

Automatic triggering is obtained by rotating the (TRIG* 
GERING) LEVEL control fully counterclockwise to the AUTO 
position. 

This mode allows triggering ot the average voltage point 
of the applied waveform. Also, the sweep runs at approxi- 
mately o 50-cycle rote when no triggering signols ore ap- 
plied; this produces a reference trace or baseline on the 
Kreen. Automatic triggering can be used with both internal 
and external triggering signals, but for most woveforms 
■t is useful only for triggering at frequencies above 50 cycles. 
Automatic triggering soves considerable time in observing 
a series of waveforms unce it is not necessory to reset the 
triggering level for each observation. For t.Kis reason it is 
the mode that is normolly used. Other modes ore generolly 
used only for speciol applications, or where stable trigger- 
ing is not attainable in the outomolic mode. 




Fig. 3-4 The triggering (igtxil Is selected trem hura possible isvrces with the INT-tXT switch. 
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Fig, 3-S. Eifi<ts on Iho OKilloicopo dliploy produ<od by + and — >otllng* ai rtio SLOPE and LEVEL <en(rol$. 
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Ac Mode 

Ac-mode triggering is obtained by setting the AC-DC 
switch to the AC position. This mode provides stoble trig- 
gering on vifluolly oil types of woveforms. As o generol 
rule, however, the oc mode is unsotisfoctory for triggering 
with low omplitude waveforms at frequencies below opproxi- 
motely 15 cycles. This figure will vary depending upon the 
amplitude and shape of the triggering woveform and should 
not therefore be set as an absolute standard Triggering at 
frequencies below IS cycles con be accomplished when 
higher amplitude triggering signals ore used 

In the ac mode, the triggering point depends on the 
overage voltage level of the triggering signols. If the trig- 
gering signols occur at rondom, the average voltoge level 
will very causing the triggering point to vory olso. This shift 
of the triggering point may be enough so that it is impossible 
to mointoin o stable display. In such coses you should use 
the dc mode. 



Dc Mode 

Dc mode triggering Is obtoined by setting the AC-DC 
switch to the OC position. This mode of triggering is por- 
ticularly useful in triggering from waveforms whidi ore not 
odoptable to the ac mode, such os random pulse trains or 
very low-frequency waveforms. Random pulse trains pose 
a special problem in the oc mode since the random occur- 
rence of the input woveforms causes the overage voltage 
level to shift. This in turn may couse the triggering level to 
shift to on unstable point. This problem is not encountered 
in the dc mode since the triggering point is determined only 
by instontaneous voltoges. 

In the dc mode, when the triggering signol is obtained 
from the Vertical Amplifier, varying the VERTICAL POSITION 
control will change the triggering point. For this reoson, 
you may find it necessary to readjust the LEVEL control when 
you change the verltcol posilion of the trace. To eliminate 
this effect, you con use the oc mode provided the triggering 
signal is otherwise suitable for this mode of operotion. in 
the dc mode, the dc level of the external triggering signals 
will also effect the triggering point. Generolly, when the 
triggering signal is small compared to its dc level, the oc 
mode should be used. 



How to Set the Triggering Level 

In the oc ond dc triggering modes, the LEVEL control 
determines the voltage level on the triggering woveform at 
which the sweep is triggered. Using this conirol, the sweep 
con be continuously triggered at any point on the woveform 
so long os the slope of the waveform Is great enough to 
provide stable triggering. In the dc mode, the sweep connol 
be triggered wilh any degree of stobilily at the top of a 
squorc wove, for example, because the time that the voltoge 
remains constont is comporotively long. As o result, the 
sweep triggers at rondom pcir'ts olong the top of the squore 
wove, producing consideroble trace jitter. 

You con use the some metnod to set the LEVEL control for 
either the oc or dc mode After selecting the triggering 
slope, rotate the LEVEL control fully counterclockwise to the 
AUTO position. Then rotate the LEVEL confrol clockwise 
until the sweep no longer triggers Continue to rotate the 



control in the clockwise direction until the sweep again trig- 
gers and a stable display is obtoined. Further rototion of the 
control in the clockwise direction causes the sweep to trigger 
at more positive points on the triggering waveform. In the 
fully clockwise direction the trace will free run (Rg. 3-5), 



FREE-RUNNING OPERATION 

With the Type 321A, you con get o periodic, free-running 
sweep, independent of any externol triggering or synchroniz- 
ing signal, by rotating the LEVEL control fully clockwise to 
the FREE RUN position. This permits you to observe the trace 
without an input signal. This trace con then be used to posi- 
lion the sweep or to establish a voltage reference line. The 
difference between the traces produced in the AUTO posilion 
and the FREE RUN position is the repetition rale. The repeti- 
tion rate in the FREE RUN position is dependent upon the 
setting of the timing switch, The repetition rote in the AUTO 
position is fixed at opproximotely 50 cycles. At the faster 
sweep rates, the troce in the AUTO position will appear to 
be dim. In the FREE RUN position the trace intensity remoins 
essentially constant for oil sweep rotes. 



VERTICAL DEFLECTION SYSTEM 
Input Coupling 

Input signols to the Vertical Amplifier con be either ac- or 
dc-covpied by placing the AC-DC-GND switch in the ap- 
propriate AC or DC position. Dc coupling applies both the 
oc ond dc components of the input signal to the vertical 
amplifier circuit. This permits measurement of the dc voltoge 
level os well os the amplitude of the oc component. It is 
sometimes neither necessary nor desirable to display the dc 
component, however, and in such coses as coupling should 
be used. This is accomplished by setting the AC-DC-GNO 
switch to AC. With oc coupling, o capacitor is placed in 
series with the input connector to block the dc component 
while allowing the ac component to be displayed. 

Placing the AC-DC-GND switch to the GND position 
grounds the input circuit of the vertical amplifier to provide 
a dc zero reference. In this posilion the switch internally dis- 
connects, but does rtot ground, the applied signol to the 
input connector. Thus, the GND position eliminates the usual 
need for externally grounding the (Vertical Amplifier) INPUT 
conr>ccior of the Type 321 A or the probe lip to estoblish a 
ground reference. 



Deflection Factor 

The electricol waveform to be observed is applied to the 
(Vertical Amplifier) INPUT connector. The waveform is then 
applied through the vertical-deflection system to cause the 
spot to be deflected verticolly to trace out Ihe waveform on 
the screen of the ert. The VOLTS/OIV switch controls the 
vertical deflection foctor in accurolely calibrated steps. The 
VARIABLE control provides uncolibrated variable deflection 
factors between the fixed steps of the VOLTS/DIV switch. 
The VARIABLE conirol has 360* rotation range and a detent 
position when the control is set to CALIB. 
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NOTE 

To moke the deflection factor equal to that indi- 
coted by the VOITS/DIV switch, set the VARIABLE 
control to the CALIB detent position. 



Dc Balance Adjustment 

The need for adjustment of the DC BAL control is irtdi- 
coled by o verticol shift in the position of the trace os the 
VARIABLE (VOLTS/OIVj control is rotated, This adjustment 
should be mode as follows; 

1. Set the AC-OC-GND switch to GND. 

7 . Set the oscilloscope controls (or o free-running trace. 

3. Rotate the VARIABLE (VOLTS/DIV) control back and forth, 
and adjust the DC BAL control simultaneously until the 
trace position is no longer effected by rotation of the 
VARIABLE control. 



Input Signal Connections 

Certain precautions must be observed when you are con- 
necting the oscilloscope to on input signol source. This is 
to insure that accurate information is obtained from the 
oscilloscope display. This is particularly true when you 
are observing low-level signals, or woveforms containing 
high- or extremely low-frequency components. For applica- 
tions where you are observing low-level signols, shielded 
cables should be used whenever possible, with the shield 
connected to the chassis of both the oscilloscope and the 
signal source. Unshielded input leods are generally unsatis- 
factory due to their tendency to pick up story signals which 
produce erroneous oscilloscope displays. Regardless of the 
type of input used, the leads should be kept as short os 
possible. 

Distortion of the input waveform may result if; 

1 . Very low-frequency input sigriols ore oc-coupled to the 
oscilloscope. 

2. High-frequency waveforms are not properly terminated. 

3. The input waveform contains high-frequency components 
which exceed the bondpass of the oscilloscope. 

You must be aware of the limitations of the instrument. 

In analyzing the displayed waveform, you must consider 
the loading effect of the oscilloscope on the input signal 
source. In most coses this loading effect is negligible; how- 
ever, In some oppllcotions loading caused by the oscilloscope 
moy moterially alter the results obtained. In such cases you 
moy wish to reduce the amount of looding to o negligible 
omount through the use of o probe. 



Use of Probes 

Occosionolly connecting the input of an oscilloscope to 
a signal source loads the source sufficiently to adversely 
effect both the operation of the source and the waveform 
disployed on the oscilloscope. In such coses an attenuator 



probe may be used to decrease both the capacitive end resis- 
tive loading caused by the oscilloscope to a negligible value. 

In addition to providing isolation of the oscilloscope from 
the signal source, an otlenuotor probe also dccreoses the 
amplitude of the displayed waveform by the ottenuotion 
foctor of the probe. Use of the probe allows you to increase 
the vertical-deflection factors of the oscilloscope to observe 
large-amplitude signals beyond the normal limits of the 
oscilloscope. Signol amplitudes, however, must be limited to 
the moximum allowable value of the probe used. When 
making omplitude measurements with on attenuator probe, 
be sure to multiply the observed omplitude by the ottenuo- 
lion of the probe. 

If the waveform being disployed hos rapidly rising or 
falling voltages, it is generally necessory to clip the probe 
ground lead to the chassis of the equipment being tested. 
Select a ground point near the point of measurement, as 
shown in Fig. 3-6. 




^lobt lip conn»ct*d to signal leurc* 



grpundtoed tannoctod to thesih 



Squipmtnr iMing chackad 



fig. )-6. Cennvtting o piob* >« th* input signal tnutts 



Before using a probe you must check (and adjust If neces- 
sary) the eompensotion of the probe to prevent distortion of 
the applied woveform. The probe is compensated by adjust- 
ing the control located in the body of the probe. Adjuslmcnl 
of the probe compensates for variations in input copodtonce 
from one instrument to onother. To insure the occurocy of 
pulse ond transient measurements, this odjustmeni should be 
checked frequently. 

To adjust the probe compensation, set the VOLTS/OIV con- 
trol to the .01 position and the LEVEL control to the AUTO 
position. Set the SLOPE switch to 4 ond the INT-EXT switch 
to INT. Connect the probe tip to the CAL OUT 500 MV con- 
nector. Set the TIME/DIV switch to .5 MILLI SEC ond adjust 
the probe to obtain flat tops on the displayed square wove- 
form (see Fig. 3-7.) 
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Voltage Measurements 

The Type 321 A Oscilloscope can be used to measure the 
voltage of the input woveform by using the calibroted ver- 
ticol deflection foctors of the oscilloscope. The method 
used for oil voltage meosurements is basically the some 
although the actual techniques vory somewhot depending on 
the types of voltage measurements, i.c., ac-component volt- 
oge measuromenls, or instamoneous voltage measurements 
w'lh respect to some reference potentioi. Mony waveforms 
contain both ac and dc voltage components, ond it is often 
necessary to measure one or both of these components. 

When making voltage tneosuremenis, you should display 
the waveform over os large a verticol portion of the screen 
os possible for moximum occurocy. Also, it is tmportont that 
you do not include the width of the troce in your measure- 
menfi. You should consistonl'y make all meosurements from 
one side of the trace. If the bottom side of the trace is used 
for ore reading, it should be used for all succeeding read- 
ings. The VARIABLE (VOLTS/OIV} control must be in the 
CALI8 detent position, 

Ac Component Voltage Measurements 

To measure the oc component of o wovefoim, the AC-DC- 
GND switch should be set to the AC position In this position 
only the oc components O'^ the input waveform are disployed 
on the osc'l'oscope screen. However, v/hen the oc component 
of the input waveform is very low in frequency, i* will be 
necessary for you to moke voltogo measurements with the 
AC-DC-GND switch in the OC position. 

To moke a peak-fo-peok voltoge meosurement on the ac 
comporient of a waveform, perform the following steps |$ee 
Fig. 3-8). 



1. With the aid of the grollcule, meosure the vertical dis* 
tance in divisions from the positive peak to the negative 
peak. 

2. Multiply the setting of the VOLTS/OIV control by the dis- 
tance measured to obtain the indicated voltage. 

3. Multiply the indicoled voltoge by the attenuation factor 
of the probe you ore using to obtain the true peak-lo-peak 
voltage. 

As on exomple of this method, assume thot using the 
P6006 Probe and o deflection factor of 1 volt per division, 
you measure o vertical distonce between peaks of 4 divisions. 
In this cose, then, 4 divisions multiplied by 1 volt per divi- 
sion gives you on indicated voltage of 4 volts peok-to-peok. 
The indicated voltage multiplied by the probe's attenuation 
factor of 10 then gives you the true peak-to-peok amplitude 
of 40 volts. 

When sinusoidal waveforms are measured, the peak-to- 
peok voltage obtolned con be converted to peak, rms. or 
average voltage through use of standard conversion factors, 

InsLonTaneous Voltage Measurements 

The method used to measure instantaneous volloges is 
virtuoily identicol to the method described previously for 
the measurement of rhe oc components of o woveform. How- 
ever, For instonlaneous voltoge measurements the AC-DC- 
GND switch must be placed in the DC position. Also, since 
inslantar^eous volloges ore meosured with respect to some 
potentiol [usually ground), a reference lino must be 
estoblished on the oscilloscope screen which corresponds to 
that potentiol. If, for exomple, voltage meosuremer'ts ore to 
be made with respect to -t'100 volts, ‘he reference line would 
correspond to -<-100 volts. In the following procedure a 
method is presented for establishing this reference line ol 
ground, since measurements with respect to ground are the 
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Fig. 3-8. MMituring lh« p«oli-r»-piob ac yolleg* »f an opplivd wevvfotin. 



most common type. The some general method moy be used 
to measure voltoge with respect to any other potential, how- 
ever, so lortg os thot potentiol is used to establish the ref- 
erence line. 

To obtain an intontoneous voltage meosurement with res- 
pect to ground, or some other voltage, perform the following 
steps (see Fig. 3-9|. 

1. To estoblish a ground reference line, set the AC-DC- 
GND switch to GND. Or, to establish o reference line 
which represents o voltage other than ground, touch the 
probe tip to the voltoge and leave the AC-OC-GND 
switch at DC. Then adjust the oscilloscope controls to 
obtoln o free-running sweep. Vertically position the trace 



to a convenient point on the oscilloscope screen. This 
point will depend on the polarity ond omplilude of the in- 
put signal, but should always be chosen so that the trace 
lies along one of the mojor divisions of the graticule. 
The graticule division corresponding to the position of 
the trace is the voltoge reference line ond all voltage 
meosurements must be mode with respect to this line. 
(Do not adjust the VERTICAL POSITION control ofter the 
reference line has been established.) 

2. If ground reference wos estobllshed, set the AC-DC -GND 
switch to DC; if a reference line other thon ground was 
established, remove the probe tip from this voltoge ond 
connect it to the signol source. Adjust the LEVEL control 
for 0 stable disploy. 
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3. Mcosure the vertical distonce in divisions From the desired 
point on the wovolorrr to the voltoge reference iine. 

<4. t^ultiply the sotting of the VOLTS/DIV control by the dis- 
tance measured to obtoin the indicated voltoge. 

5. Multiply the indicated voltoge by the attenuation factor 
of the probe you ore using to obtain the actual voltoge 
with respect to ground (or other reference voltoge]. 

As on example of this method, ossumo you ore usittg the 
PdOOd Probe and o deflection foctor of 0 3 volt per division. 
Alter setting the voltage reference line oi the second from 
bottom division of the graticule, you measure o distonce of 
3 divisions to the point you wish to check. In this case, 
3 divisions multiplied by 0.2 volt per division gives you on 
indicoted 0.6 veil. Since the voltage point is above the 
voltage reference line the polarity is indicated to be posi- 
tive. The indico'ed voltage multiplied by the probe attenua- 
tion foctor of 10 then gives you the actuol voltoge of +6 
volts. 



Time Measurements 

The colibrated sweep of the Type 321 A Oscilloscope causes 
any horizontal distonce on the screen to represent o definite 
known interval of time. Using this feature you con occurately 
measure the time lapse between two events displayed on 
the oscilloscope screen. One method which produces suf- 
ficient occurocy for most opplicoiions is os follows (see 
Fig. 3.10). 

1. Meosure the horizontal distance between the two dis- 
ployed events whose time intervol you wish to find. 

2. Multiply the distonce measured by the setting of the 
TIME/DIV control to obtain the opporent time interval. 
(The VARIABLE TIME/OIV control must in the CALIB posi- 
tion.) 

NOTE 

Divide the apparent time interval by 5 if the mag. 
nifier b on. 







rig. }-10. Manuring th« inlarvol batwtan avanrs dl>glsrae an >ha a*<lllaMa^ scraan. 
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for example, assume the TIME/DIV switch setting is I 
MILLI SEC, the magnifier is on, and you measure a horizontal 
distonce of 5 division between events. In this example, then, 
5 divisions multiplied by 1 millisecond per division gives 
you on opporent time interval of 5 milliseconds. The ap- 
parent time divided by S then gives you the actual time 
interval of 1 millisecond. 



Frequency Measurements 

The frequency of a periodically recurrent waveform con 
be determined if the time interval (period] of one complete 
cycle of the waveform is known. This time interval can be 
measured by means of the the procedure described in the 
preceding porogroph. The frequency of a waveform is the 
reciprocal of its time intervol, i.e., f = 1/t. 
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SCCTION 4 

CIRCUIT DESCRIPTION 



Block Diagram 

The block diogrom in Section 7 of this monuol shows the 
main sections oi the Type 321A Oscilloscope. Woveforms to 
be disployed ore connected to the Vertical Amplifier INPUT 
terminal, located on the front ponel of the instrument, large 
signals ore attenuated the desired amount (up to 2000 times] 
in the ottenuator networks. The signol is then omplified in 
the Vertical Amplifier ond fed push-pull to the vertieol de- 
flection plotes of the crt. 

A trigger-pickoff circuit in the Vertical Amplifier applies 
a sample of the input signal to the Time-Base Trigger circuit. 
This somple signol is instrumental in starting the horizontal 
sweep. An oxtcrnol triggering signal connected to the Trig- 
gering INPUT terminal may also be used for this purpose. 

Signals of widely varying shapes and omplitudes may be 
applied to the Time-Bose Trigger circuit. This circuit in turn 
produces constant-amplitude output pulses which ore used 
to start the horizontol sweep at the proper time to insure 
0 stable display of the vertical-input waveform. 

The output pulses from the Time-Base Trigger circuit are 
applied to the Time-Base Generator to initiate the sowtooth 
horizontal-sweep woveform. The sowtooth woveform is 
then amplified in the Horizontal Amplifier ond applied push- 
pull to the horizontal deflection plates of the crt. For X-Y 
applications of the instrument on externolly-generated signal 
con be applied to the EXT HORIZ INPUT terminal. The 
externol signal is then amplified by the Horizontal Amplifier 
ond applied to the horizontal deflection plotes of the crt. 

The goin of the Horizontal Amplifier con be increased five 
times by pulling the (Time Base] VARIABLE control outword 
to the 5X MAG position. 

The Colibrator produces a square wove output of constant 
amplitude which can be used to check the goin of the Verti- 
cal Amplifier and compensate the probe. A 40-mv peak- 
lo-peak square wave, is coupled internally to the Vertical 
Amplifier when the VOLTS/DIV switch is set to the CAL 4 
DIV position. If the goin of the ompiifier is properly odjusted, 
this will produce a deflection of exactly 4 divisions when the 
(Vertical Amplifier) VARIABLE control is set to the CALIB 
detent position. A square wove having a peak-to-peak am- 
plitude of 500 mv is available at the CAL OUT terminal on 
the front panel of the instrument; this waveform can be used 
to compensate the probe. 

The regulated power supplies in the Type 32IA will operote 
from a 115-v or a 230-v rms ac line, from on externol dc 
source |lt.5v to 35 v), or from a "battery pock" consisting 
of either 10 size D flashlight cells or 10 size D rechargeable 
cells. A built-in battery charger charges the "rechorgeoble" 
cells when the instrument is connected to on ac source 
(115 V or 230 V]. 

VERTICAL AMPLIFIER 
Input Coupling 

Input signals to the Vertical Amplifier con be either ac- 
coupled, dc-coupled, or Internally disconnected. When 



the AC-DC-GND switch SW401 (see Vertieol Amplifier circuit 
diogrom) is in the DC position, input signols ore directly 
coupled to the VOLTS/DIV switch. In the AC position input 
signals are coupled through a blocking capocitor C401. In 
the GND position the signal poth is opened and the input 
circuit is grounded. 



Input Circuit 

The Vertical Amplifier requires an input signal of 0.01 
volt, peok-to-peok, to produce 1 division of calibroted de- 
flection on the crt. To sotisfy this condition, yet make the 
instrument applicable to a wide ronge of input voltages, 
a precision ottenuation network is incorporated into the 
vertieol deflection system. 

When the VOLTS/DIV switch (SW410] is in the .01 posi- 
tion, the signol is coupled "straight through" (without atten- 
uation) to the grid of V423 For oil other settings of the 
VOLTS/DIV switch (except CAL 4 DIV] the Attenuators ore 
switched into the input circuit, either singly or in tandem 
poirs, so thot the input signal voltage lo the Vertical Am- 
plifier is olwoys 0.01 volts for each division of crt deflection 
when the VARIABLE knob is in the CALIB detent position. 

The Attenuators are frequency-compensated voltage divi- 
ders. For dc ond low-frequency signals they are resistance 
dividers, and the degree of attenuotion is determined by the 
resistance volues. The impedance of the capacitors, at dc 
and low frequencies. Is so high that their effect in the circuit 
is negligible. As the frequency of the input signals increases, 
however, the impedance of the capocitors decreoses and 
their effect in the circuit becomes more pronounced. For 
high-frequency signals the impedonce of the capacitors 
is so low. compared to the resistonce in the circuit, thot the 
Attenuators become capacitive reoctonce dividers. 

In addition to providing the proper degree of ottenuation, 
the resistance values in the Attenuators ore chosen to provide 
the same input resistance |1 megohm] regardless of the setting 
of the VOLTS/DIV switch. Moreover, the variable capacitor 
ot the input to eoch network provides a means for adjusting 
the input time constant so thot it is the same value (nominally 
35 pf X 1 meg) for oil settings of the switch. 



Input Cotfiode Follower 

A nuvistor, V423, is used os a cathode-follower input 
stoge. This stage presents a high-impedance, low-copod- 
tonce load to the input circuit and isolates the input circuit 
from the moin amplifier. R422 is the 1 -megohm input re- 
sistor. This resistor becomes a port of each attenuation 
network when the VOLTS/DIV switch is turned awoy from 
the .01 position. R423. bypassed by C423, prevents the 
grid of V423 from drawing excessive current (in the event 
the stage Is overdriven) when dc Input coupling is used. 
R424 is o parasitic suppressor. 
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Circuit Detcription — Type 331 A 

Input Emitter Follower 

An emitter-follower stogc Q443 couples the Input C.F. to 
the Input Amplifier. The output impedance of 0443 is very 
ncorly equal to the output impedance of V423 divided by 
the (3 of Q443, This stage thus provides the necessary low- 
impedance drive (approximotely 30 0] for the base of 0464, 
one-holf of the Input Amplifer stoge. The opposite emitter- 
follower Q453 couples a cfc voltage, odiustoble by means of 
the DC BAL control, to the base of 0474 (the other half of 
the Input Amplifier stage). The purpose of this dc voltage 
will be discussed in the following section. 

Input Amplifier 

The Input Amplifier consists of 0464 and Q474 connected 
as an emitter-coupled porophase amplifer. In oddition to 
amplifying the signol, this stage converts the single-ended 
input at the bose of 0464 to a push-pull output signal 
between the two collector circuits- 0474 operotes essentially 
as a grounded-base amplifer (grounded through the low out- 
put impedance of 0453); the input signal to 0474 is devel- 
oped across the impedance in its emitter circuit. 

There are two goin controls locoted in the common emitter 
circuit of the Input Amplifier. One is the front-ponci VARI- 
ABLE control R478: the other is the VERT GAIN R468, an 
internal screwdriver-odjust potentiometer. Both controls 
vory the emitter degeneration ond thus effect the goin of the 
stoge. The VERT GAIN control is ad|usted so thot the amount 
of ert dcllection agrees with the setting of the VOLTS/OIV 
switch when the VARIABLE control is turned to the CALIB 
detent position. 

The DC BAL control R432 is used to odjust the dc level 
of 0474 so Ihot its emitter will be ol the same voltage os 
*he emitter of 0464 when no irtput signal is opplied to the 
instrumen*. With the emTters of the some voltoge there 
will bo no current through the VARIABLE control. With this 
corfigura’ion on odjustment of the VARIABLE control will not 
affect the dc level in the collector circuit of the Input Am- 
plifier and will therefore not effect the positioning of the 
beam. 

Vertical Positioning 

The VERTICAL POSITION control is o dual control, con- 
neced between —10 and -rIO volts. It is connected elec- 
trically so that as the voltage at one orm changes in the 
direction toward —10 volts the voltage at the other arm 
chonges in the positive direction. This couses the voltoge at 
the emitter of 0464 to change in the opposi'e direction to 
the voltage oi the emitter of Q474, The chonge In emitter 
voltages in the Input Amplifier stage 0464/Q474 will be 
reflected os o change in deflection voltage o' ’he crt. since 
direc' coupling is employed between these two points. 

Second Amplifier 

The Second Amplifier stage 04B4/Q494 provides a high- 
impedance, low-capocitonce load for the Input Amplifier, 
ond provides a low-impedance drive for the base of the 
Output Amplilier. 

Output Amplifier 

The Output Amplifier 0504/0514 is o conventional col- 
Icc'or-^ooded. push-pull amplifier to drive the vertical deflec- 



tior> plates of the crt. A transistor, 0519, sets the emitter cur- 
rent for 0504 ond 0514. There are two time-constont 
networks connected between the two emitters. 

One network consists of diodes D505 and DS06, connected 
bock to bock aaoss R505 in series with R504. This network 
reduces the emitter-to-emitler impedance when the trace is 
positioned to the lop or bottom of the graticule. Thus the 
goin of the stage is increased at the upper and lower deflec- 
tion limits to offset crt compression. As o result, the displayed 
waveform will not change in amplitude rcgordless of trace 
location. 

The other network consists of RS06, CS06, C507, and CS08. 
This is on extremely short time-constant network (a froction 
of a microsecond] ond effects only fast-rise signals. The 
copocitive branches of this network offer less degeneration 
ot high frequencies ond thus improve the high-frequency re- 
sponse of the stage. The amount of high-frequency com- 
pensotion con be adjusted by meons of vorioble capacitor 
CS06. 

The dc level of the Output Amplifier is established, in 
port, by the divider in the base circuit of the Second Am- 
plifier [R479 ond R482 on one side ond R4B9 ond R492 on the 
other). These dividers help set dc level of 0504 ond 0514 so 
that the moximum swing in collector voltage can be obtained. 

TRIGGERING 
Time-Base Trigger 

The Time-Base Trigger circuit consists of o Trigger Input 
Amplifier stage Q14/Q24 and a rectangular-pulse Trigger 
Multivibrotor 035/Q45. The main function of the trigger 
circuitry is to produce o positive-going rectongulor pulse 
at the collector of 045 whose repetition rate is the same os 
that of the triggering signal. The positive step is then dif- 
ferentiated to produce o very shorp positive spike (’rigger] 
which is used to trigger or start the sweep. 



Triggering Signals 

The triggering-inpul signal, from which the rectongulor 
output Is produced, may be obtained from on external source 
through the (Triggering) INPUT terminol, or it may be 

obtained from the Vertical Amplifier, When the INT-EXT 
switch SW2 is in the EXT position, the input circuit is 

orranged to receive externol signals. In the INT position, the 
signol is received inlernoly from the Vertical Amplifier. A 
Trigger-Piekoff stoge Q524 Ishown on the Verticol Ampilfier 
diogrorn) receives o sample of the veriical-output signol from 
the collector circuit of 0514. The signal at the emitter of 

0524, which is In phase with the vertical input signal ot 

the grid of V423, is then coupled to the Time-Base Trigger 
circuit. 

When the AC-DC switch SW8 is in the AC position trig- 
ger irtput signals ore oc-coupled through C8; in the DC posi- 
tion C8 is bypossed with a direct connection. 

Trigger Multivibrator 

When the (Triggering) LEVEL control is set between AUTO 
ond FREE RUN (or triggered operation, the Trigger Mullivi 
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brator Q35/Q4S is a bistable Schmitr Circuit. It is forced 
from one of its stable states into the other by the trigger- 
ing signal opplied to the base of 035. In the first stable 
stole (ready to receive a signal) 035 is cut off ond its col- 
lector voltage is up (near ground). This holds up the 
base of 045, since the two circuits ore dc-coupled, and 045 
conducts. With 045 conducting its collector voltage is down; 
henco no output is being produced. 

A positive-going signol is required at the bose of 035 
to force the multivibrator into its second stable stole to 
produce the positive step at the collector of 045. However, 
since Ihe signol at the bose of 035 is on amplification of 
the triggering signol, it contains both positive- and nega- 
tive-going portions. 

The positive-going portion of Ihe triggering signal will 
drive the base of 035 in Ihe positive direction. When the 
base voltage is just out of cutoff, 035 starts conducting 
and its emitter voltage will rise, following the bose. This 
pulls up the emitter of 045, since the two emitters ore 
stropped together. 

At Ihe some time the collector voltage of 035 starts to 
drop, carrying with it the base volloge of 045. With the 
base of 045 down and its emitter up, 045 cuts off. As 045 
cuts off its collector voltage rises, creating o positive step 
at the output. This transition occurs very ropidly, regordless 
of how slowly the base signal of 035 moy rise. 

When the signol ot the bose of 035 starts in the r>egalive 
direction just the opposite chain of events occurs. 035 cuts 
off and its collector voltage rises. This pulls the base of 045 
out of cutoff and 045 conducts. As 045 conducts its col- 
lector voltage drops; this completes the positive step-voltage 
output from the Trigger Multivibrator circuit. 

Trigger-Input Amplifier 

Although the output of the Trigger Multivibrator is always 
a positive step votloge, the start of the step moy be Initiated 
by either Ihe rising (positive-going) or falling (negotive-going) 
portion of the triggering signal. The amplified triggering sig- 
nal is always taken from the collector of 034, but the bose 
of either transistor |Qt4 or 024) con be connected to the 
input circuit. When the SLOPE switch SWl 5 is in the -f posi- 
tion Ihe base of 0)4 is connected to the input circuit and the 
base of 024 is connected to o bios source adjusoble by 
meons of the LEVEL control. With this configurotion 014/ 
024 is a differential amplifier ond the signal at the collector 
of 024 is in phase with the signol at the base of 014. A 
positive-going signal at the input will therefore produce o 
positive-going signal at the base of 035 and, as oxploined 
previously, this Is the oction Ihot initiates the sweep. The 
sweep will therefore start on the positive slope (rising por- 
tion) of the triggering signal when the SLOPE switch is in 
the +■ position. 

When it is desired to trigger the sweep on the falling or 
negotive-going portion of the triggering signol, the signol at 
the bose of 035 must be opposite in polarity to the signal 
at the input circuit. This Is occomplished by plocing the 
SLOPE switch in the — position. With this orrongement the 
base of 024 is connected to Ihe input circuit ond the base of 
014 is connected to Ihe bios source. The configurotion is 
still 0 differential omplifier and gain Is the some as before, 
but the output signal is now opposite in polarity to the base 
signol. 



Operating Instructions — Type 321 A 

Triggering Level 

The setting of the (Triggering) LEVEL control determines 
the point (instontoneous voltage) on the triggering signal 
pt which Ihe sweep is started. This Is accomplished as fol- 
lows: 

The quiescent stole of the Trigger-Input Amplifier is such 
that Ihe collector voltoge of 024 Is about In the center of 
Ihe hysteresis of the multivibrator. An odjustmenl of the 
LEVEL control will vary the bias on Ihe transistor to which 
it is connected. This in turn will vary the dc level at the 
collector of 024 to within the hysteresis range of the multivi- 
brator. By adjusting the LEVEL control, the operotor can 
select the point on the waveform at which he wishes to trig- 
ger the sweep. 



Automatic Triggering 

The sweep con be triggered outomotically, instead of 
monuolly, by turning the LEVEL control full left to the AUTO 
position. In Ihe AUTO position SWl 2 is opened, which 
oilers the circuit eonhguralion as follows: (a) the switch end 
of R38 is disconnected from the —10-volt decoupled supply 
to provide feedback from the collector of Q4S to its bose; |b) 
the LEVEL control R17 is disconnected from the circuit; ond 
(c) all Iriggering-input signols are oc -coupled through C6 
regardless of the setting of the AC-DC switch. 

In the ouiomatic (AUTO) triggering mode, the Trigger 
Multivibrator is converted from o bistable configuration to 
o recurrent (free-running) configuration. (This is not to be 
confused with FREE RUN position of the LEVEL control; in 
the latter position the Time-Base Generator free runs). 

The chorging and discharging action of C30, fed to the 
bose of 045 ond driving it, sets the Trigger Mullivibrator 
recurrent rote at about SOeps when no signal or low-am- 
plitude signal is applied to the base of 035. When a signal 
of sufficient amplitude to overcome the hysteresis of 035 is 
applied, then Ihe repetition rote of the opplied signal (if 
it is higher than 50 cps) takes over and controls the switch- 
ing rote of the multivibrator circuit. 

Assume no signal is applied to the base of 035 lor exam- 
ple. Also, assume that 035 has just turned off and 045 has 
turned on. Under these conditions, for the first half cycle 
fdurotion is about 10 msec), C30 is charging lo Ihe voltage 
set by divider R33, R34, and the collector of 045. As C30 
chorges, it is driving 045 bose toword cut off. 035 emitter, 
through direct coupling to Ihe emitter of 045, is moving in 
a direction which will eventuolly turn Q35 on; the bose of 
035 meanwhile is set at o fixed level by 024 collector. 
After oboui 10-msec charging time, C30 cuts off Q45 and 
035 turns on, 

Now, for Ihe next holF cycle C30 is discharging toward 
the voltoge set by divider resistors R32, R43, R33, and R34. 
As C30 is dischargirsg, C30 is driving 045 toward its forward 
bias point, After about 10 msec discharging time, C30 dis- 
chorges sufficiently to drive 045 into conduction and C35 
cuts off. This completes one cycle of the 50-cps output of 
the multivibrotor. 

As mentioned earlier, when a signal of sufficient ampli- 
tude Is opplied to the base of 035 ond the repetition rate 
of the signal is higher thon 50 cps, the signol drives Ihe 
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bose of 035 and controls the switching rate of the Trigger 
Multivibrator. Capacitor C30 under these conditions hos 
negligible effect on controlling the multivibrator action. 

With this configuration just described, the sweep con be 
triggered with repetitive signols, over a wide rattge of fre- 
quencies, without reodiustment. When no signol is opplied 
to the bose of 035, the sweep continues oi approximately a 
50-cycle rote becouse the Trigger Multivibrator provides the 
trigger signal which triggers the Time-Bose Generator. Thus, 
the sweep generates a base line which indicofes ihot the 
instrument is reody to display any signal (within the voll- 
oge and frequency limits of the instrument] that might be 
connected to the vertical deflection system. 

SWEEP GENERATION 
Time-Base Generator 

The positive-going pulses produced by the Time-Bose 
Trigger circuit ore differentiated in the base circuit of 
0135. The shorp positive spikes produced by the differentio- 
lion process are used to star* the sweep; the negative spikes 
are not used. 

The Time-Bose Generotor consists of three moin drcuiti . . 
o bistoble Sweep-Gating Multivibrator, a Miller Integrator 
Circuit, ond a Hold-Off Circuit. Troniistors 0135 ond 0145 
make up the Sweep-Gating Multivibrator. In the stable slate 
immediately following a sweep 0135 is nonconducting ond 
0145 is conducting. 

The essential components in the Miller Circuit are the Miller 
transistors Qldl ond 0163, the emitter-follower 0173. 
the gating trortsistor 0153, the "disconnect'' diode D153, the 
Timing Capacitor C160, ond the Timing Resistor R160. The 
Hold-Off Circuit consists mainly of Ihe emitter-follower 0IB3 
and the Hold-Off Capacitors C1S0 ond C181. 

In the quiescent state the gating tronsistor 0153 is held 
in conduction (by the conducting multivibrotor transistor 
0145) ond its emitter voltoge is negotive. This holds the 
cathode of DI53 negative and forces the diode to conduct. 
In this stare the low forward impedance of QI53 and D1S3 
shunts the Timing Capacitor and prevents it from charging. 
This action olso clomps the Miller Circuit in such a way thot 
the emitrer -followers 0163 and Q173 conduct very little and 
the amplifier 0161 conducts heavily. 

Sweep Generation 

The next positive trigger to arrive at the base of 0135 
will force the Sweep-Gating Multivibrator Into its second 
stable stole in which Q14S is cut off. The nte in voltage at 
the collecor of QU5 pulls up the base of 0153 and this 
stage cuts off The rise in voltage ol the emitter of 0153 
then back-biases D153 ond the diode stops conducting, This 
action unclomps the Miller Circuit ond permits it to seek 
its own voltages. 

The base of 0163 then storts positive, since it is connected 
through the Timing Resistor lo the 'i-45-voll bus (when the 
VARIABLE control is In the CALIB position). The emitter of 
0163 and the base of Q161 also siort positive, following 
the base of 0163. The collector of 0161 then starts negative, 
carrying with it the base ond emitter of 0173. This causes 
the voltoge at the lower side of the Timing Copocitor to 



increase in the negotive direction which in turn pulls down 
the base of 0163 ond prevents it from going positive. The 
gain of the Miller Circuit is such that the feedback network 
maintains Ihe voltage ol the base of 0163 virtually constant 
(within obout one-tenth of a volt). 

The Timing Capacitor then start charging with current 
through Ihe Timing Resistor and Ihe ernitter-followcr 0173. 
Since the vohoge at the bose of 0163 remains essentially 
constant, the voltoge ocross Ihe Timing Resistor, and hence 
the ehorging current through it, remains essentially constant. 
The Timing Capacitor therefore charges linearly, and Ihe 
voltage ot the emitter of Q173 increases linearly (in the 
negotive direction). Any deporture from o linear increase 
in the voltage at this point will produce o change in the 
voltage ot the base of 0163 in o direction to correct for 
the error. 

The linear increose in voltage at the emitter of 0173 
is used os the sweep lime bose. Timing Copocitor C160 and 
Timing Resistor R160 ore selected by the sotting of the 
TIME/DIV switch SW160. The Timing Resistor determines 
the current that chorges the Timing Capacitor. By means of 
the TIME/DIV switch, both Ihe size of the capacitor being 
chorged and the charging current can be selected to cover a 
wide ronge of sweep speeds. The setting of Ihe TIME/DIV 
switd> therefore determines the speed at which the spot 
moves across the crt. 

If uncalibrated sweep rales ore desired the VARIABLE 
control R160V con be turned away from the CALIB position. 
This connects the Timing Resistor to a voltage adjustable be- 
tween +45v and -f-IOv, which varies the sweep rote over 
about a 4 to 1 range. 

Retrace 

The length of the sweep— the distonce the spot moves 
across the crt — is determined by the setting of the SWP 
LENGTH control R1 76. As the sweep voltage increases nega- 
tively of the emitter of 0173 there will be c lineor increose 
in voltoge ot the orm of R176 and ot the base of 0183. This 
will pull down Ihe voltage at the emitter of 0183 and ot the 
base of 0135. When the voltoge ot the base of 0135 foils 
to cutoff, the Swcep-Goiing Multivibrotor will ropidly revert 
lo its original stole with 0135 cut off and QI45 conducting 
The voltage at the collector of 0145 will then drop, carrying 
with it the bose of 0153. This will gote on Q1S3 and the 
diode D153 ond provide a discarge path for C160. 

"The resisionce through which Cl 60 discharges (R153 ond 
the forward resistance of 0153 ond D153) it much less than 
then through which It chorges )R160, R176, ond the forword 
resistance of 0173). The copacitor current during discharge 
will therefore be much lorger than during charge, and the 
Miller transistors will return ropidly to their quiescent stale. 
This produces the lelace portion of the sweep sawtooth, dur- 
ing which time the crt beom returns rapidly to its storting 
point. 

Hold-OH 

The Hold-Off Circuit prevents the Time-Base Generotor 
from being triggered during Ihe retrace iniervol. In addi- 
tion, the hold-off allows a finite time for the sweep circuits 
to regain o stole of equilibrium after ‘he completion of o 
sweep. 
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During the trace portion of the sweep sawtooth the Hold- 
Off Capacitors CI80-C1B1 chorge through 0183 os o result 
of the drop in voltoge at the emitter of 0183. This pulls the 
base of 0135 negative until 0135 cuts off. As exploined 
previously, this is the action that initiates the retroce. 

At the start of the retrace Cl 80 ond Cl 81 start dischorg- 
ing thorugh R181. The time-constont of this circuit is such 
that during the retrace, ond for a short period ofter the 
completion of the retrace, the bose of 0135 is held far 
enough below cutoff that positive triggers connot switch the 
Sweep-Goting Multivibrator. When the Hold-Off Copocitors 
hove discharge to a predetermined voltoge (estoblished by 
the setting of the STABILITY control] the effect of the hold- 
off is removed, This returns the Sweep-Gating Multivibrator 
to its quiescent state in which it can be triggered by the 
next positive trigger to arrive at the base of Q135. 

Stability Control 

The STABILITY control RI1I regulotes the dc level al the 
base of 0135 within the hysteresis of the Sweep-Gating 
Multivibrator. When this control is properly adjusted, the 
base of 0135 is held just negative enough (hat 0135 is bock- 
biased and nonconducting; this prevents the circuit from free 
running. The base voltage must be sufficiently close to cut- 
off so thot positive triggers can pull 0135 out of cutoff and 
force the multivibrator into its other state to iniiale the 
sweep. 

During the troce portion of the sweep sawtooth, when the 
Hold-Off Capacitors are chorging, the emitter of 0183 is 
forced negative. When the emitter of 0183 is more negative 
than the arm of the STABILITY control diode Dill is bock 
biased; this disconnects the STABILITY control from the 
Muitivibrotor circuit. 

During the retrace portion of the sweep sawtooth the 
Hold-Off Copocitors dischorge. When the voltoge at the 
emitter of 0183 rises to the voltage ot the orm of the STA- 
BILITY control diode Dill conducts and clomps the Hold- 
Off Circuit ot this voltoge. With the bose of 0135 clomped 
in this manner, o sweep can only be produced when o 
positive trigger pulls 0135 out of cutoff. 

However, should a free-running troce be desired, the 
(Triggering) LEVEL control can be turned full right to the 
FREE RUN position. This opens switch SW17 ond forces the 
orm of the STABILITY control to ground potential. This per- 
mits the base of 0135 to rise to cutoff immediately upon 
removal of the hold-off voltage, at which point the next 
sweep is initiated. 

Unbtonking 

The crt in the Type 321 A contoins a second set of hori- 
zontol deflection plotes (pins 6 ond 10; see diagram for 
Crt Circuit). Pin 10 is connected to -f 10 volts; pin 6 is con- 
nected to the Unblonking Amplifier (shown on the Time- 
Bose Generator diagram). In the interval between sweeps, 
pin 6 rests at about —20 volts; the at beam is therefore 
deflected off the screen ond is not visible. 

When a positive trigger switches the Sweep Goting 
Multivibrator to start o sweep, the negative goto at the 
collector of QI3S is coupled to the base of 0194. This 
results In a 30-volt positive gate ot the collector of 0194, 



Circuit Description Type 321 A 

which in turn is fed to pin 6 of the crt. The 30-voll posi- 
tive gate, whose stori and duration ore coincident with 
the start and duration of the sweep, pulls pin 6 of the crt 
up to -f-IO volts, the same as pin 10. This deflects the crt 
beam bock into the range of visibility for the trace portion 
of the sweep sawtooth. 

Transistor 0199 is connected as a load-stabilizer. QI99 
conducts when Q194 is nonconducting. When 0194 con- 
ducts, during sweep time, 0199 is nonconducting. This 
circuit prevents the switching of 0194 from changing the 
lood on the power supply, ond therefore prevents crosstalk 
to the Vertical Amplifier. 

HORIZONTAL AMPLIFIER 
Input Circuit 

The Horizontal Amplifier consists of on emitter-follower 
input stage 0313 and on emitter-coupled poraphose ampli- 
fier 0334/0344. For oil sweep-lime settings of the TIME/ 
DiV switch, the negotive-going sweep sawtooth produced 
by the Miller Circuit is coupled to the Input E.F. 0313 via 
the frequency-compensoted voltage divider R3I1-R3I2. In 
the EXT HORI2 INPUT setting of the switch, 0313 receives 
its signol from the EXT HORIZ INPUT connector. This setting 
of the switch also produces the following results: (1) The 
Time-Bose Generofor is rendered inoperotive; (2) The emitter 
of 0194 (Unblonking circuit) is clomped at oboul -1-10 
volts, thus removing the blanking polentiol at pin 6 of the 
crt. 

Emitter-follower 0323 bolances the Horizontal Amplifier 
for dc potentials. This stage olso couples Ihe positioning 
voltoge from the HORIZONTAL POSITION control R321 to 
the amplifier circuit. 

Output Amplifier 

0334 and 0344 are connected os on emitter-coupled 
parophose omplifier to provide the push-pull drive for Ihe 
horizonlol deflection plates of the crt. The setting of the 
HORIZ CAIN control R338 determines the emitter degenera- 
tion and thus sets the gam of the stage. A second gain 
control R348 (MAG GAIN) is connected in the emitter circuit 
when the VARIABLE liming control is pulled out to close 
SW346. This oction decreases the degeneration and in- 
creases the gain 5 limes to provide 5X sweep mognificoiion. 

REGULATOR CIRCUIT 
Power Sources 

The function of the Regulator circuit in the Type 321 A is 
to provide o reguloied 10 volts dc for the converter-type 
power supply. The Regulator i$ designed to operotc from 
a self<ontained battery pack, from on external 11.5-v to 
35-v dc source, or from either o IIS-v or a 230-v rms, 50-600 
cycle oc line. 

To operate from the internal batteries only, the POWER 
switch SW621 is set to BATT ON. The POWER switch 
connects the internal batteries directly to the Regulotor cir- 
cuit via TK621 and F621. TKd21 is a thermal cutout switch 
that opens if the ambient temperature of the Type 321A 
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rises to about 131* F |rt:5*) ond closes when Ihe chassis 
temperature drops to 120* F [-<-8*1. Normoily, ior internal 
bottery mode of operation other voltage sources ore not 
connected to the Type 321A ot this time. 

Operation from an externol dc source is accomplished 
by connecting the special pigtoil-iype dc power cord in the 
proper manner. For 11.5- to 20*v operation, the black [-f] 
ond white (— ) leods arc connected to the volioge source; 
for 20- ond 3S-v operation, the green |4-) and white (— ) 
leads are connected to the source. The ac line cord is not 
used during ihis modo of operation. To turn on the Type 
321 A the POWER switch is set to EXT ON. The switch 
connects the dc source to the regulator circuit. Diode D620 
is normally bock-biased to keep T601 disconnected since the 
T601 secondory portion of the circuit is not used oi this 
time. 

For oc line operolion the oc power cord is connected to 
the ac line ond line power is applied through FdOl to the 
T601 primary winding. The prirnory of power Ironsformcr 
T501 has split input windings; these may be connected in 
porollel for operation from a 103.5-126.5 volt lir>e, or in 
series for a 207-253 volt line. 

Graticule lights ond on ac rectifier ore connected to the 
secondory windirtgs of T601. The oc rectifier is o conven- 
tional full-wove type, with o copocitor-inpul filter. When 
Iho POWER switch is set to EXT ON, the output of the oc 
rectifier is applied through D620, the POWER switch, TR621 
and F621 to the Regulator circuit. At nominal line voltoges 
the oc reclifter provides a voltoge of about 14.5 volts ocross 
C696. 

Voltage Regulation 

The Regulator circuit is designed to respond both to 
changes in supply voltage and to chor>ges In loading. 
Reference voltage for the Regulator circuit is furnished by 
Zener diode D629. This diode provides o constont dc 
voltoge of about -r5.1 volts Iwith respect to the common 
negative bus) ot ihe base of 0634, one-half of o difference 
amplifier. The base voltoge for the other hall of the differ- 
ence amplifier, Q634, is obtoined from a divider R650, R6SI , 
and R653. The 10 V ADJ control R651 determines the per- 
centage of lotol voltage thoi appears at the bose of 0634 
ond thus determines the total voltage across Ihe divider. 
This control is odjusted so thot the output is exactly 10 
volts. 

The regulotion of the output, in the presence of line- 
voltogc or lood changes, is accomplished by vorying the 
impedance of 0657 in a direction to compensate for the 
chonge. For example, ossume the output voltage tertds to 
decreosc. This will lower the base voltage of Q634 and 
after the current distribution through the difference ampli- 
fier. That is, the current through 0634 will decrease and 
the current through 0634 will increase. 

The resultant drop in voltoge at the collector of 0624 
will pull down the bose and emitter of 0654. This action 
drives the bose of 0657 toword its collector, which increases 
the current ihrough 0657 ond lowers its impedonce. 

The unreguloted voltage Is equal to 'he output voltage 
plus the drop ocross 0657. The decrease in impedonce of 
0657 lowers its emirter-to-collector voltoge, which couscs 
the output voltage to increase to its proper volue. 



If the output voltoge tends to increase, iust the opposite 
will occur. The base voltage of 0634 will increase, more 
current will flow through 0634 and less current will How 
through 0624. The rise in vohoge ot the collector of 0624 
will pull up the base ond emitter of 0654, and the base of 
0657. This decreases Ihe current through 0657 and in- 
creeses its Impedance. 

As the impedance of 0657 increases its voltage drop In- 
creases. This in turn lowers the output voltage to its proper 
value. 



Battery Charger 

when the Type 321A is connected to a source of ac 
power ond the POWER switch is turned to TRICKLE or FULL, 
the rectified output of T601 is sufficient to cause a back cur- 
rent through the 12-volt baHery, resulting in a chorging of 
the cells (If rechargeable cells arc used). The resistive net- 
work of R692, R693, ond the internal resistance of the cells 
determine the amount of charging current which will flow. 
When the POWER switch is set to FULL and the Charger 
switch is in the LOW position, 200 mo wilt flow through 
the battery at nominal line voltage. When the Charging 
switch is in the HIGH position, 360 mo will flow through the 
battery. When the Charger switch is in the DRY CELLS 
position, the circuit is opened up and no current will flow. 

When the POWER switch is turned to TRICKLE. R694 is 
inserted in series with R692 and/or R693 and Ihe current 
is limited to obout 4Q mo, just enough to maintain the 
existing charge on the cells. 



Low-Botferies Lighf 

Transistor 0614 and ossociated circuitry constitute the 
low-batteries warning-light system. The emitter of 0614 is 
held constant by the 10-voli regulated supply, the bose Is 
controlled by a voltoge dividing network consisting of R695, 
R696, ond R697. The network connects across the unregulot- 
ed supply voltoge. The LOW BATTERIES B699| light is con- 
nected in the collector circuit of 0614. 

Under normal conditions when the internol batteries pro- 
vide 0 voltage of more than 11.5 volts (-<-0.2 v|, transistor 
0614 is cut off ond the LOW BATTERIES light is off. How- 
ever, If the unreguloted voltoge drops to about 11.5 volts 
or less due to low batteries, 0614 base-emitter junction 
forward biases and 0614 conducts, <hui turning on the 
light. 

As a secondary function of this circuitry, the LOW BAT- 
TERIES light acts as a warning light for either of these 
conditions: (1) If the Type 321 A is operated from o low 
external oc line source or |2) Irom a low external dc source. 
If either condition couses the unreguloted voltage to 
fall to about 11.5 volts, or lower, 0614 will conduct and 
turn on the LOW BATTERIES light. 

Diode D614 is a protection diode for 0614. Normally 
the diode is forword-biosed to limit the reverse-bios voltoge 
across the base-emitter junction of 0614 during cut off. 
When the unreguloted voltage drops to obout 1 1 .5 volts 
or lower, D614 reverse biases and 0614 base-emitter junc- 
tion becomes Forword-biosed to turn on the light. 
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CONVERTER 

The regulated 10 volts output of the Reguloloi’ circuit is 
applied to the Converter transistors 0700-Q710. Both 
transistors are biased in the forward direction when power 
is applied, but because of slight difference in characteristics 
one will start conducting before the other Current flowing 
in the collector circuit of the conducting tronsistor will then 
induce a voltage into the base windings {terminals 5, 6, 
ond 7) of transformer T701. The polarity ol the bose volt- 
ages induced will be such that the conducting transistor will 
canduct more, and the nonconducting transistor will be 
driven into cutoff. 

The buildup of current in the conducting transistor will 
continue until the transformer saturates. At soturation the 
induced voltage in the base windings will start decaying 
and the conducting tronsistor will occordingly conduct less. 
The collapsing field will th^ induce voltages of the oppo- 
site polarity in the bose windings. This will drive the tronsis- 
tor that had been conducting into cutoff, and turn on the 
tronsistor that had previously been cut off. The circuit will 
then produce a secondary voltage of the opposite polority. 
The repetition rote of the circuit is about 7 kc 

The tronsistor current, flowing in the primory circuit of 
T701, is somewhat trapezoidol in shape; the secondary volt- 
oge is therefore nearly a square wave. A full-wove rectifier 
with capacitor-input filters provides dc output voltages of 
—47.5, —45, —10, -f5.8, -flO, and +45 volts. An oddi* 
tional half-wave rectifier circuit provides — 720 volts for 
the crt gun. 



Grcuif Description — Type 321A 

An ac signal of approximately 100 volts, pealc-to-peak, 
is coupled from terminal 10 of T701 to the Calibrator cir- 
cuit [shown on the Verticol Amplifier and Calibrator dia- 
gram). The 100-volt ac signal square wave is clipped in 
Q874 and divided down to provide the 500-millivolt ex- 
ternal signal avoiloble ol the CAL OUT SOOMV terminal, 
ond the 40-millivoli square wave internally coupled to the 
Vertical Amplifier in the CAL 4 DIV position of the VOLTS/ 
DIV switch. 

CRT CIRCUIT 

Crt Control Circuits 

The INTENSITY control R844, port of a divider connected 
between —720 volts and ground, varies the crt grid-to- 
cathode voltage to regulate the bcom current, The FOCUS 
control R842 varies the voltage at the focusing anode to 
set the second cross-over point right ol the crt screen. The 
ASTIGMATISM control R864 vories the voltage ol the 
osligmaiism anode to focus the spot in both dimensions 
simultaneously. The GEOM ADJ R861 varies the field the 
beam encounters as it emerges from the deflection system to 
control the linearity at the extremes of deflection. 

High Voltage Supply 

A pentupler, storting with the voltoge ot Terminol 16 of 
T701, builds up a potenlioi of 3350 volts for the post- 
deflection accelerator in the crt. This provides an accelerat- 
ing potential of approximotely 4 KV, since the cathode volt- 
age is about —670 volts. 
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SECTION 5 
MAINTENANCE 



PREVENTIVE MAINTENANCE 
Recalibration 

The Type 321A Oicllloscope is o stable instrument and 
will provide many hours ol trouble-free operotion. To 
insure the reiiobility of measurements obtained on the Type 
321 A however, we suggest its collbrafion be checked offer 
each 500 hours of operation, or ot least every si» months 
if used intermittently. A check of the colibrotion also pro- 
vides a means for checking the operation of each circuit. 
Minor operational deficiencies that are not apparent in 
normal use are often detected during o calibration check. 

A complete step by step procedure for checking the cali- 
bration of the instrument is included in Section 6 of this 
manual. 



Soldering Precautions 

In the production of Tektronix instruments o ^eciol silver- 
bearing solder is used to establish a bond to the ceramic 
terminal strips. This bond may be broken by repealed use 
of ordinary tin-leod solder, or by excessive heating of the 
terminal strip with a soldering iron. However, occasionol 
use of ordinary solder will not break the bond if too much 
heat is not applied. 

In those shops responsible for the mointenonce of several 
Tektronix instruments if is advisable to have o stock of 
solder containing obout 3% silver. This type of solder is 
used frequently in printed-circuit work and is generolly 
available. Or it con be purchased from Tektronix in one- 
pound rolls; order by port number 251-514. 



REMOVAL AND REPLACEMENT OF PARTS 
General Information 

Procedures required for replocement of most ports in the 
Type 321A Oscilloscope ore obvious. Detailed instructions 
for their removol ore therefore not required. Other ports, 
however, con best be removed if o definite procedure is 
followed. Instructions for removol of some of these ports 
ore contoined in the following paragraphs. Because of the 
nature of 'he instrument, replacement of certain parts will 
require thot you recalibrate portions of the oscilloscope to 
insure proper operotion {refer to the Calibration procedure 
portion of this monuol). 



Removal of Panels 

The panels ol the Type 321A Oscilloscope ore held in 
place by small screwhead fasteners. To remove the side 
panels, use o screwdriver to rotate the fasteners opproxi- 
matcly two turns counterclockwise; then pull the upper por- 
tion of the panel outward from the eorrying hondles. Ponels 
ore replaced by reversing the order of their removal. 



To remove the battery cover, loosen the thumb screw at 
the front of the cover ond pull the front end out for o short 
distonce. Then slide the cover forward to clear the clips 
at the reor end (see Fig. 2-3 In Section 2). 

Replacement of the Cathode-Ray Tube 

To remove the ert, first disconnect the tube socket and 
all leads connected to the neck of the tube. Loosen the 
tube clomp at the bose of the ert and remove the groticule 
cover and graticule. (Remove the groticule cover by re- 
moving the philllps heod screw located on the lower port 
of the cover.) Pull the cri straight out through the front 
panel. When the new ert is in piece, the leads can be 
properly connected to the neck of the tube by following the 
color code information provided on the lube shield. After 
replocemenr of the ert, it will be necessary to check the 
calibration of the oscilloscope. 



Replacement of Switches 

Methods for removal of defective switches ore, for the 
most port, obvious ortd only a normal omount of core is 
required. Single wafers ore normally not replaced on the 
switches. If one wofer is defective the entire switch should 
be reploced. Switches can be order from Tektronix either 
wired or unwired, os desired. 



Replacement of Ceramic Terminal Strips 

To remove a ceramic terminal strip, unsolder all com- 
ponents and connections, then pry the strip with studs 
attached out of the chassis. An olternotive method is to 
use diogonol cutlers to cut off one side of each stud to 
free the strip. Try not to damage the spacer, After remov- 
ing the strip, the remainder of each stud con be eosily 
extracted from the chassis with a poir of pliers. The studs 
need not be salvaged since new ones are furnished with 
the new strips. If the spocers ore not domoged, they can 
be reused as long os they hold the strip assembly securely. 




rig- S-t. Inttellolion ef a (•ramie tirlp. 
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To Install a new strip, place the spacers in the chassis 
holes, insert the stud through the spocers, ond press down 
on top of the strip above the studs. Use a ploslic or hard 
rubbber moHel, if necessor/, to seat the studs firmly. Be 
sure to top lightly directly above the studs and drive them 
down in equal increments to keep From placing loo greot 
o strain on the strip. Fig. SO illustrates the way the ports 
Fit together. If desired, the extending portion of the stud 
pins can be cut off to within about an eighth of an inch of 
the lower end of the spacers. 

Observe all soldering precautions described eorlier when 
soldering leads to the strip. 

RELACEMENT PARTS 
Stgndard Parts 

Replacement ports can be obtained from Tektronix at 
current net prices. However, since most of the components 
are standard parts they con usually be purchased locolly. 
Before ordering or purchasing ports, be sure to consult the 
Ports List to determine the toleronces required. 



Teklronix-Manufactured Parts 

Tektronix monufoctures olmosf all of the mechonicol ports, 
and some of the electronic components, used in your instru- 
ment. When ordering mechanical ports, be sure to describe 
the part completely to prevent delays in filling your order. 

The Tcktronix-monufactured electronic components ore so 
noted in the Parts List. These components, as well os the 
mechanical ports, must be obtoined from the local Tektronix 
Field Engineering Office. 

Parts Ordering Information 

Each component in this irutrument has o six-digit Tektronix 
parr number. This number, together with a description of 
the port, will be found in the Parts List. To expedite filling 
your order be sure to include the following information 
when ordering ports: 

1. A description of the port. 

2. The port number, 

3- The instrument type and seriol number. 

For example, a certain resistor should be order os follows: 
R735, a 470 n, '/« watt. Fixed, Comp resistor, tolerance 10%, 
port number 316-471 for a Type 321A Oscilloscope, serial 

number When ports ore ordered in this monner 

we are able to fill the order promptly ond deloys that 
might result from transposed digits in the port number are 
□voided. 



NOTE 

Always Include the instrument TYPE and SERIAL 
NUMBER In any correspondence concerning this 
instrument. 

Since the production of this instrument some of the com- 
ponents moy have been superseded with newer, improved 
components. If we receive an order for o component lhal 
hos been superseded by o newer one, the new one will be 



shipped in plocc of the original. All Tektronix field offices 
have knowledge of these changes, ond your local Field 
Engineer moy coll you if a change in your purchase order 
is necessary. 

Replacement information notes sometimes accompany the 
new components to oid in their installation. 



TROUBLESHOOTING PROCEDURE 
Introduction 

This section of the mcnuol contains informotion for 
troubleshooting the Type 321A Oscilloscope. Before attempt- 
ing to troubleshoot the instrument, however, rnake sure 
that any apparent trouble is actually due to a molfunetlon 
within the instrument and not duo to improper control 
settings. Operating instructions for the Type 321A, ond 
general information concerning batteries and the battery 
charger, are conloined in other sections of this manual. 

The component number of each resistor, inductor, capaci- 
tor, transistor, vacuum tube, control, ond switch is shown 
on the circuit diagrams. The following chort lists the com- 
ponent numbers associated with each circuit: 



All numbers less 
then 100 

All 100 numbers 

All 300 numbers 

All 400 and 500 
numbers 

All 600 numbers 
All 700 numbers 
All 800 numbers 



Time-8ose Trigger 

Time-Base Generator and 
TIME/DIV switch 

Horizontol Amplifier 

Verticol Amplifier 

Regulator Circuit ond Charger 

Converter Circuit 

Crt Circuit and Calibrator 



Resistance Measurements 

Table 5-1 lists the typicol resistance measurements obtoin- 
ed between the lest points ond ground when using a 
20,000 0/v VOM. There is one exception, however, because 
the battery-lerminol readings were measured between the 
terminals. 

The last two columns in the toble ore reserved for your 
own measurements thot con be obtained at ony lime when 
the Type 321A is operating normally. 

Before checking the rosistonces, disconnect the power cord 
and remove the batteries. Sol the POWER switch to BATT 
ON. When checking the resistances in a circuit where 
filter capacitors ore port of the circuit, allow some time for 
tne capacitors to charge before listing the measurement. 



CIRCUIT TROUBLESHOOTING 

Although the Type 321A is o complex instrument, it can 
be thought of os consisting of seven moin circuits, in addi- 
tion to the Calibrator circuit and Gotfery Charger. The moin 
circuits are os follows: 
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1. Regulator Greuit 

2. Converter Circuit 

3. Crt Circuit and High-Voltoge Supply 

4. Verticol Amplifier 

5. Time-Base Trigger Circuit 

6. Time-Base Generator 

7. Hofiiontal Amplifier 

The first circuit to check, for practically any type of 
trouble, is the 10-Volt Regulator dreuit. Art improper out- 
put voltage from this supply will effect the operation of 
the entire instrument. 

In some cases an improper voltage from the Converter 
may affect one circuit more thon the others. In these cases, 
valuable time can be saved by checking the supply voltoges 
first. 

On the other hand, the at display can often be used to 
isolote trouble to one particulor circuit when trouble obvious- 
ly exists in that circuit. If there is rto vertical deflection, 
for example, when the intensity and horizonlol deflection 
oppear to be normal, it is apparent that on open condition 
exists in the Vertical Amplifier and this circuit should be 
investigated first. 

The moteriol that follows conloins informotion for trouble- 
shooting each circuit for troubles thot moy be caused by a 
defect in the dreuit. A method is described, in some in- 
stances, for locoting the stage in which the trouble moy 
be originating; once the stage at fault is known, the com- 
ponents causing the trouble con be located by voltoge ond 
resistance meosurements or by substitution. In certain other 
instances the information is more specific ond the trouble 
can be traced to o particular component. 

Greuil failure may be caused by transistor failure. If 
replacement of o defective transistor does not correct the 
trouble, then check the components ossocioted with the 
transistors. 



TROUBLESHOOTING THE REGULATOR CIRCUIT 

Proper operation of every circuit in the Type 321 A depends 
on proper operation of the Regulator circuit and the Con- 
verter. The dc voltages must remain within their specified 
tolerances for the instrument to retain its calibration. 

Open Power Circuit (Dead Circuit) 

With the AC IISV (or 230V) line connected, an Increase 
in the SCALE ILLUM control (cw] should brighten the grati- 
cule lights. If the graticule lights do not come on, check 
the source of power, power connection, and the fuse F60I. 

NOTE 

Disconnect the power cord when working on the 
transformer T60I or associated circuits. If the fuse 
is blown, replace it with one of the proper value 
and reconnect the oc line cord. If the new fuse 
blows immediately, check the power tronsformer 
for shorted primary or secondary windings. Short- 
ed rectifiers in the secondary circuit will also blow 
the fuse F601. Check for on open primary wind- 
ing in the power transformer if the fuse is good. 

Incorrect Voltage 

With the POWER switch in the EXT ON position, you 
should measure exactly 10 volts ocross C657; (see Fig. 6-1, 
Section 6). If this voltage is not present, check for on open 
fuse F621 or thermal cutout switch TKd21. [Resistonce of the 
thermal cutout switch is about 0.10], If the fuse is blown, 
replace it with one of the proper value and turn the instru- 
ment on again. If the new fuse blows immediotely, dis- 
connect either the Converter circuit or the Crt circuit, or 
both, from the Regulator circuit to isolate the trouble (see 
Fig. 5-2). If the fuse continues to blow, the trouble lies in 
the Regulolor circuit. If the Regulator circuit is free of 
trouble connect, one ot a time, the Converter and the Crt 
circuit to locote the source of trouble. Once the circuit ot 
foult is known, you con then troubleshoot within this circuit 



TABLE S-1 



Typical Resistances 



Test 

Point 


Location 
(Fig. No.) 


Type of Meter: 20,000 

n/v VOM 
Resistance |Ohms Range 
Reodings^ Used 


Type of Meter: 

Mfr: 

Model No.; 

Type 321A Ser. No.; 
Resistance Ohms Range 
Readings Used 


-t-45 v 


6-2 


200C1, 6k 


RX1K 


1 


-t-lOv 


6-2 


13000, 5600 


RXlOO 


1 


-t-S.Bv 


6-2 


2.50, 120 


RX1 


1 


—10 v 


6-2 


1.4k, 4500 


RX1K 




—45 V 


6-2 


6k, 1.6k 


RX1K 




-720 V 


6-2 4.5 Meg, 22k 


RX100K 1 


••Battery Term. 9.50, 40<1 


RX1 1 



*R*v«rM the ehminttw l•s(ls t« both reodingt. 

**M*atwr*e a<ra«i tha intamal battary tanalnalt lacolvd at lha bonaaa raar garHcn at Iba Inctiwaiam. 
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to locote the defective component(s|. The Circuit Descrip- 
tion (see Section 4) ot the circuit involved moy prove useful 
when troubleshooting within a given circuit. 




HV TIST n f»r 
KV Mpply 



1790 {.f 



Dtstonnan (790 liir* ta diiofaU 



DI«conn«<r lao<h from farmiflatt 
I and 3 ta dtiablt Convarfar 



Fig, S-3. Troubleihealing fha Raguloter circuit Iraor right-sida viawt. 



If varying the line voltoge between 103.5 and 126.5 volts 
!or 207 and 253 volts for 230-v operotlon) varies the output 
of the 10-Volt Reguloied supply, check for defective transis- 
tors in the Regulotor circuit, Transistors 0700 and 0710 in 
the Converter circuit niay also affect the regulotion of the 
10-Volt Reguloted supply. 



TROUBLESHOOTING THE CONVERTER 

The Converter voltages depend upon the operotion of 
Q700 ond 0710. These ore the convener tronsisfors ond 
failure to operate will result in zero output. 

Test points for checking the converter voltages ore located 
on the right side of the oscilloscope (see Fig. 6-2 in Section 
6). If the converter fronsistors, 0700 and 0710, ore inopero- 
tivej check to see if the reguloted 10 volts <s being applied 
across the converter transistors. Also check lor shorted 
pnmory or secondary windings (1710). A short in ony recti- 
fier circuit will olso cause ’he converter to be inoperative. 
If on improper voltage reoding is obtained or ony of *hc 
indicated pomts, check the lOV ADi control R651 for correct 
setting. 



TROUBLESHOOTING THE CRT CIRCUIT 

The intensity, focus, geometry, ond calibration of the ert 
disploy depend on proper operation of 'he -720-volt supply 
and the high-voltoge supply in the ert circuit. The —720 
volts is dependent upon the converter For proper operotion. 
For trouble n this supply refer to the converter trouble- 
shoo’ing procedure. 



No Intensity 

IF the low-voltage power supply is operating normally, 
but no spot or trace is visible ots the cri, the trouble could 
be a defective ert, o defect in the ert circuit including the 
-720-volt supply, on unboioncod condition in either or both 
of the deflection ompliflers, o defect in the Timo-Bose Gen- 
erotor circuit, or o defective unblonking circuit (to produce 
0 spot or iroce on the screen the ert must be unblonked). 

To determine which circuit is ot foult, turn the INTENSITY 
control full right Set the LEVEL control to FREE RUN ond 
the TiME/DiV control to 1 MILLI SEC. Short the vertical de- 
flection plates together [ot the neck pins on the ert) with a 
screwdriver. Be extremely careful not to short either pin 
to the metol shield around the ert Ad|usr the HORIZONTAL 
POSITION control and see if o spot or trace oppears on 
the ert. If so, 0 state of unbolance in the vertical deflection 
system is indicated. [Refer to Troubleshooting the Vertical 
Amplifier.) 

If a spot or trace does not appear with the verticol de- 
flection plates shorted, turn the instrument off and remove 
the leads thot connect to the horizontal deflection plates. 
(Make sure that the metal dip on the end of each lead does 
not touch the chossis.] Turn the instrument back on and 
(after warmup) adjust the VERTICAL POSITION control. If 
a spot now oppeors on the cn, the Horizontal Amplifier is 
causing the trouble. If a spot does not oppeor, turn the 
instrument off or>d reconnect the leads to the horizontol de- 
flection plates. Then turn the instrument bock on and set 
the TIME/DIV switch to the EXT HORIZ INPUT position. If 
o spot now appears on the cri. after warmup (it may be 
necessory to adjust VERTICAL POSITION control), the Time- 
Bose Generator is the circuit at fault. Refer to Ihe appro- 
priate troubleshooting section for trouble in either of these cir- 
cuits. 

If none of the previous checks indicates the source of the 
trouble, a defective ert or trouble in the high-voltoge circuit 
is indicated. Measurement of the high voltage can be made 
ot the top end of R720 (see Fig, 5-2). The voltoge at this HV 
TEST PT should be opproximotely 13050 volts (when mea- 
sured with a 20,(X)0il/v VOM), If Ihe voltoge is present, a 
defective cri is indicated. Also a defective rcclifier D714, 
D715, D717, D7IB, or D7I9, will couse Ihe high voltoge to 
be inoperative. 



TROUBLESHOOTING THE VERTICAL AMPLIFIER 

No Spot or Trace Visible on Crt 

If all power-supply voltages are normal, end the crt Is 
known to be good, failure to obtain a spot or trace on the 
screen will be due to the Time-Bose Generator and unblonk- 
ing circuit or to improper positioning voltages. The latter con- 
ditions is caused by a dc unbaloncc in cither or both of ’he 
deflection omplifior circuits. 

To determine which circuit is at foult refer to ’Trouble- 
shooting the Crt Circuit ' lor the procedure to check the 
bolonce of the verticol and horizontal amplifiers. 

If it IS determined that the verlicoi deflection circuit Is 
unbolonced, the next step is to check each sloge for un- 
ba'oncc. Fig. 5-3 is o simpified diogrom of the Vertical Am- 
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plifier showing lest points for checking the balance of the 
omplifier For this check it is convenient to have a short lead 
(obout 8 to 10 inches] with o rubber-covered alligator clip on 
each end, and a voltmeter (5000 n per volt or better). 

Conned the voltmeter beween the bose of Q504 and the 
base of Q5U, ond set the VERTICAL POSITION control to 
mid-position. A reading of less than 0.06 volt would indicate 
unbalance in the output stage (Q504, OSl4|. Check (or de- 
fective transistors and associoted circuit ports. A reading 
af 0.06 volt or more on the voltmeter indicates unbalance 
ohead (toward the input stage) of the voltmeter. Reconnect 
the voltmeter between the base of 0484 ond Q494. A read- 
ing of less than 0.02 voll indicates unbolonce in that stoge. A 
reeding of more than 0.02 volt indicates unbolonce toword 
the input stage. 

The next step is to connect together the collector of Q464 
and the collector of Q474 with the shorting strap. If the 
trace appeors on the ert (it mo/ be necessary to adjust the 
VERTICAL POSITION control) the trouble lies either in one of 
the transistors or in some component ahead of this stage. 
From this point it is odvisable to troubleshoot by substitution. 
Do r«ot connect other points on opposite sides of the circuit 
together, os on improper voltage on one side could domoge 
transistors on the other. 

Insufficient or No Vertical Deflection 

Insufficient vertical deflection indicates a change in the 
gain chorocteristics of the Vertical Amplifier. If there is only 
0 slight deficiency in the deflection, os will usually be the 
cose, the amplifier con generolly be recolibraied for gain. 



Refer to Section 6 for this. However, if the omplifier connot 
be recolibroted, or if the decrease in goin is more pro- 
nounced. it will be necessary to check the transistors, lube, 
ond circuit components. 

If there is no vertical deflection on the ert, an inoperotivc 
condition in the vertical deflection system is indicated. If 
the trace con be moved with the VERTICAL POSITION con- 
rol, the trouble is originoling ahead of the control in one 
of the input stages of the Vertical Amplifier (input c.f., input 
e.f.). 

If the tfoce cannot be moved with the VERTICAL POSI- 
TION control, one of the stages following the control is in- 
operoiive. In either of the obove coses the tube or Ironsislor 
should first be replaced, then circuit components should be 
checked. 



TROUBLESHOOTING THE HORIZONTAL AMPLI- 
FIER 

No Spot or Trace on the Crt 

To determine that the Horizontal Amplifier is in a state 
of dc unbolonce, turn the instrument off and remove the 
leads that connect to the horizontal deflection plotes. (Moke 
sure thot the metal clips on the end of each lead do not 
touch the chassis.) Turn the instrument bock on ond (offer 
warmup), adjust the VERTICAL POSITION control. II o spot 
now appeors on the crt, the trouble lies in either the Hori- 
zontal Amplifier or the Time-Bose Generator. To determine 
which circuit is at fault, reconr^ect the leods to the hori- 




fig. .S-9. SimpllfiMl diagram of lh« Vanical Ampliilar itiawing lad pairrtt for chochicig >h» d< bolanc* el the ampllflar. 
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zon^al dedecHon plates and turn the TIME/DIV control to 
EXT HORIZ INPUT position. II the spot now oppeors, the 
Horizontal Amplifier is in bolonce end the trouble is being 
caused by on inoperotive condition in the Time-Base Ger)- 
eratof (refer to Troubleshooting the Ti-ne-Bose Generator). 

Il no spot appeared on the ert with the TIME/OIV control 
in the EXT HORIZ INPUT position, the Horizontal Amplifier is 
cousing the iroubJe. The procedure for troubleshooting the 
Horizontal Amplifier to locale the defective stage, is simi- 
lor to thoi cxploinod for troubleshooting the Vertlcol Ampli- 
fier for unbalance. A voltmeter (5000 11 per volt or better) 
is used to determine which stage is unbalanced. Fig, 5-4 is 
a simplified diogrom of the Horlzontol Amplifier showing 
lest points For checking the balance of the omplifier. Con- 
nect the voltmeter between the base of 0334 and the base 
of 0344, Set the HORIZONTAL POSITION control to mid- 
position. A reading of 1. 5 volr$ or over will indicate on un- 
balance in the first stage (0313, 0323). A reading of less 
than 1 .5 volts will indicate an unbolancc condition in the out- 
put stage (0334, 0344). When the stage ol foul* is deter- 
mined, check for defective transistors ond components os- 
sociafed with that stage. 

Insufficient or No Horizontal Deflection 

If the gain of the Horizontal Amplifier decreases, the 
trace will not extend from the loft to the right side of the 
graticule. In addition, the timing will no longer correspond 
to the calibrated voiue indicated by the TIME/DIV switch. 

If the chonge is slight, os indicated by improper timing 
and a slightly decreased sweep, the omplifier can usually be 
recalibrated. Since the goin of the Horizontol Amplifier 
regulates the timing of the sweep, core must be taken to 
insure Ihol the gain adjustments are occurotely mode. Be 
sure to refer to Section 6 if It is necessary to adjust the goin 
of the Horizontal Amplifier. 

If there is no horizontal deflection on the ert the circuit at 
fault could be the Horizontol Amplifier or the Time-Base Gen- 
erator. 

The operotion of the Time-Base Generotor con be checked 
be measuring the voltage at the emitter of 0173. Set the 



TIWE/DIV control to .1 SEC ond the LEVEL control to FREE 
RUN. Connect a voltmeter between the emitter of 0173 (see 
Fig. 5-5) and ground. If the voltage varies between zero and 
— 20 volts, os the Miller Circuit runs down ond back, the 
Time-Base Generator is operotmg properly ond the trouble 
lies in the Horizontal Amplifier. 




FI9. Chtckin9 tK« ep»rstl«n of fho Gonovolor bf 

nMvvrlng fho vo 1 f 090 oi iho omiitor of 0173 (uppor righMldo 
vitw) , 

When the trouble hos been isolated to either the Time-Base 
Generator (refer to troubleshooting the Time-Bose Generotor 
or the Horizonlol Amplifier, o check of the transistors and 
circuit components should be made. 

If there is some horizontol deflectiort on the ert, but not 
enough to cover the ten-division length of the graticule, the 




fig. 5>4. SI«pl(fi*d diagram of iKt Horiieafal JUnplifiof thowing lost points for (hodiMtg tho d« bolarKo of tho amplifitr. TIME/OiV twINb 
is sot to EXT 
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trouble either be due to insufficient output from the Time- 
Base Generotor. or to insufficient goin irt the Horizontol 
Amplifier. 

The Time-Bose Generotor con be checked in the some mon- 
ner as described previously. Thot i$, by meosurjng for o 20- 
voll variation ot the emitter of QI^, ot o slow sweep rote. 
If this reading is not obtained, the Time-Bose Generator is ot 
fault, ond its circuitry con be investigoted. The SWP LENGTH 
control |RI 76) is very importont and its setting should be 
checked first. For the proper adjustment of this control, refer 
to Section 6. 

If the voltmeter indicates the proper reading (see Rg. 5-5) 
the Horizontol Amplifier will be the circuit at fault. Check 
for defective transistors and circuit components. 



TROUBLESHOOTING THE TIME-BASE TRIGGER 
Improper Triggering 

IF the waveform you ore observing connot be triggered 
(locked into position) properly, the trouble can bc: ()) mis- 
adjustment of the STABILITY control. (2) the trigger pickolf cir- 
cuit (trigger amplifier Q524) in the Vertical Amplifier, (3) 
Time-Base Generotor, or (4) the Time-Bose Trigger circuit, 

Refer to‘Section 6 for misadjusirnem of the STABILITY con- 
trol. The operation of the trigger pickoff circuit can be 
checked as follows: connect an external triggering signal 
(preferably the signal input waveform) to the (Triggering) 
INPUT connector. Set the INT-EXT switch to the EXT position. 
Check to see if the waveform con now be triggered. If so, 
the trigger pickoff stage Q524 is ot fault; it is not possing the 
internal signal that develops the triggering pulse. 

If the waveform cannot be triggered in either the INT or 
EXT position, some circuit in the Time-Base Trigger or the 
Time-Base Generator is not operating properly. 

If the sweep con be turned off ond on with the LEVEL 
control, the sweep generator is capable of being triggered. 
This indicates the Time-Bose Trigger is not functioning 
properly. Check for defective transistors and circuit com- 
ponents. 



TROUBLESHOOTING THE TIME-BASE GENERA- 
TOR 

No Horizontal Sweep 

It is importanl that you understand the operation of the 
Time-Base Generator before proceeding with any extensive 
investigation of the circuit. For this reoson we suggest that 
you thoroughly study that portion of the Circuit Description 
pertaining to this circuit. 

If the Time-Base Generotor is not producing a sawtooth 
sweep when the LEVEL control is in the FREE RUN position, 
some delect is rendering the circuit inoperative. The liming 
components (R160-CI60) and the hold-olf capocitor (CI80) 



can be checked by rotating the TIME/DIV switch through its 
range. If a trace appears in some positions of the switch, 
the trouble will lie in the components associated with the 
inoperative pos!tion(s] of the switch. 

If no troce oppears in any position of the TIME/OIV 
switch, the generotor is "hung up" either ot the low end or 
at the high end of the sweep. Set the TIME/DIV switch to 
.5 MILLI SEC and measure the voltage at the emitter of Q173. 
If this voltoge is very close to zero, the circuit is hung up 
at low end of the sawtooth; that is, the sweep connot get 
started. In this cose, voltoge reading ot key points in the 
circuit moy help to isolote the source of trouble. Connect a 
a voltmeter to the bose of Q135 and turn the LEVEL con- 
trol just slightly to the left, away from the FREE RUN posi- 
tion. Then vory the setting of the STABILITY potentiometer. 
The voltage at the bose of QI3S should vary between about 
4.S volts and about -7.5 volts. Voltages outside of this range 
indicole trouble in the stability-control circuit . . . R11 1, R131, 
Dill, 0131. Also, check transistors Q135 and OIS3; check 
D1B3 and R181 in the emitter circuit of 0183. 

The operation of the Sweep-Goling Multivibrotor can be 
checked by connecting the voltmeter to the collector of 0145 
or base of 0153 ond varying the setting of the STABILITY 
potentiometer. II no trouble exists in the multivibrotor circuit, 
it will be forced from one stable stole to the other as the 
STABILITY control is varied from one end of its range to the 
other. This will cause the collector voltage of Q14S to vory 
from about — 1.1 to -1-1.6 volts. The base voltoge of 0153 
will vory from obout —0.6 to -f2 volts. Normol operation 
of the gating transistor 01 53 is indicated by a voltage change 
at its emitter equal to about — 0.32 to -+-0.6 volt. 

If the voltoge ronge of emifler of 0153 appears to be 
normol, the hang-up is occurring in the Miller circuit. A check 
of the volfoges, at the points indicoted on the circuit diagram, 
moy indicate the source of the trouble. If not, check by sub- 
stitution transistors 0161, 0163, and 0173, ond Diode D1S3. 

If the voltage at the emitter of 0173 is from — 20 to about 
—40 volts, the circuit is hung up ot the high (most negative) 
end of the sowlooth. This indicates that the dischorge path 
of the Timing Capacitor Cl 60 is blocked. Since the Timing 
Capacitor dischorges through 0153, RI53, and D1S3, these 
comportents should be checked first. Then check the action of 
the Sweep-Goting Mollivibrolor by the method mentioned 
previously. If the multivibrator is locked up so that 0145 is 
conducting, 0153 will be bock-biosed and will block the dis- 
charge path 



Improper Triggering 

If the sweep connot be triggered properly, the gating pulse 
from the Multivibrator (0134-0145) is not turning the diode 
D153 off ond on properly. The sfon of the gofing pulse, 
which turns the diode off and storls the sweep, is initialed by 
the triggering pulse ot the bose of 0135. The end of the 
goting pulse, which turns the diode on and iniliotes the re- 
trace, is controlled by the hold-off waveform at the base of 
0135. The main component to check, in addition to the 
transistors, is the differentiating capacitor Cl 31. 
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TROUBLESHOOTING THE CAUBRATOR 



InsuKicient or No Calibrator Output 

The Converter circuit supplies the slgnoi to the Calibrator 
circuit, To checic the Calibrator, turn the VOLTS/DIV control 
to the CAL 4 DIV position. Set the LEVEL control to the AUTO 



position. There should now be displayed on the crt 4 verticol 
divisions of calibrotor signol. If not, and the Verticol Am- 
plifier is known to be working, check for o defective transistor 
Q874 orvd associated circuit components, for adjustment 
of the CAL ADJ control refer to Section 6 . The CAL ADJ con- 
trol will componsole for slighi changes in the calibrator out- 
put. If the change is more pronounced, the transistor 0674 
should be checked. 
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SECTION 6 
CALIBRATION 



EQUIPMENT REQUIRED 

The following equipment is required for a full recolibroHon 

of the Type 321 A Oscilloscope. 

1. Dc voltmeter Isensifivity of leost 20,000 JI/v) colibrofed 
for on accuracy of at least 1% of 5.8, 10, 45, 720. or>d 
3300 volts. Be sure the meter is accurate; few portoble 
meters hove comparoble accurocy, particulorly after o 
period of use. 

2. Accurate rms<readitsg oc voltmeter, 0-150 volts (0-250 or 
0-300 volts for 230-volt operation). 

3. Variable outotranslormer hovlng a rating of at least I 
ompere. 

4. Test oscilloscope with I X ond 10X probes, accurately 
calibrated for verticol goin ot 5. 10, 20, 50, and 100 
mv per division. Bandwidth: dc to about 100 kc or higher. 

5. Type P6006 10X passive probe (Tektronix part number 
010-127 BNC) for use with the Type 321A. As o useful 
accessory. Include an adapter (Tektronix port number 
013-056) which adapts profU lip to fit a BNC jack. 

6. Square-wove generator, Tektronix Type 105 or equivalent. 
If o Tektronix Type 105 is not available, it will be neces- 
sary to substitute a generator with the following charac- 
teristics: Output frequencies of about I kc and 400 kc; 
risetime 13 nsec or foster into a 50-ohm (nominal) cable 
terminated at both ends; output voltage vorioble from 10 
to 100 volts across on internal 600-ohm load. 

7. Constant-amplitude signal generator, Tektronix Type 190A 
or 190B or equivalent. If a Tektronix Type I90A or 1908 
is not available, it will be necessary to substitute a gen- 
erator that provides up to 5 volts signal output. The 
output must be adjustable (monually or outomalicolly) 
for constant amplitude within a frequency ronge of 500 kc 
to 6 me, including a reference frequency of oboui 50 kc. 

8. Time-mark generator, Tektronix Type 180 or 180A or 
equivalent, Morkers required ot 500, 100, 50, 10, 5, 
and I msec. 500, 100, 50, 10, 5, and I /isec. All outputs 
must have a time occurocy of at least 0.1%. 

9. 50-ohm (nominal impedance] cooxial cable, 42 indses 
long with BNC plug connectors on eoch end, Tektronix 
part number 012-057. 

10. 50-ohm termination with one BNC plug and one BNC jock 
connector fittings, Tektronix part number 011-049. 

11. 50-ohm 10:1 attenuator with one BNC plug and one BNC 
jock connector fittings, Tektronix part number 011-059. 

12. Connector adapter, single binding post fitted with a BNC 
plug. Binding post accepts bonono plug. Tektronix part 
number 103-033. 

13. Connector adapter with BNC jock and UHF plug con- 
nector fittings, accepts BNC plug and fits UHF jock. Tek- 
tronix part number 103-015. 



14. Clip-lead adapter for the Type 190A or 190B to perform 
step 19. Choose connector type thot fits ottenuotor unit of 
generator; either a UHF type (Tektronix port number 013- 
003) or a BNC type (Tektronix part number 01 3-076). 

15. Patch cord, 6" long, with bonono plug-and-jack com- 
bination at each end. Tektronix port number 012-024, 

16. Miscellaneous Items (one each) 

Smoll screwdriver with Vs" wide bit. 

Large screwdriver with a V 4 "wide bit. 

Nut driver, Vu". lo fit locking hex nut on 10V AOJ 
control. 

Plastic rod, '/<" diameter, about 6" long, with a chisel 
tip. 

Jaco No. 125 insulated low-capacitance-type screwdriver 
with a I'/s" long shook and Vs" wide metal tip, Total 
length is obout 5". Tektronix port number 003-000. 



ADJUSTMENT PROCEDURE 

Preliminary Instructions 

Remove the side covers from the Type 321A. Set up the 
front-panel controls as follows: 



INTENSITY 


Full left (ccw) 


HORIZONTAL POSI- 


Midrange 


TION 


POWER 


EXT ON 


TIME/DIV 


1 MILLI SEC 


VARIABLE (TtME/DlV) 


CALIB (full right) 


5X MAG 


Knob pushed in 


TRIGGERING 


LEVEL 


Midrange 


SLOPE 


•f 


AC-DC 


AC 


INT-EXT 


INT 


VOLTS/OIV 


.1 


VARIABLE (VOLTS/DIV) 


CALIB 


AC-DC-GND 


DC 


VERTICAL POSITION 


Midrange 



NOTE 

Controls not listed above are not pertinent to this 
portion of the procedure and moy be left in any 
position. Adjustment of these controls will be 
made ot the appropriate time in the following 
procedure. 
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Connect the Type 321 A and ac voltmeter to the auto- 
transformer, ond turn on all equipment. Set the output of the 
autotronsformer to the design center voltage for which your 
instrument is wired (115 or 230 v]. 

If the instrument fails to calibrote in any of the following 
steps, refer to the Troubleshooting Procedure portion of this 
monuol lor information concerning the circuit involved. 




F16. 6>1. TmI paint end edjutrmani iMalient far prafaming slaps 
1 ond 3 luppar tafi sida vlawl. 



POWER switch to TRICKLE when loosening or tight- 
ening the lock nut. 

c. Check the regulation of the supply by slowly vary- 
ing the output of the variable autotransformer be- 
tween 103.5 and 126.5 volts [or 207 ond 253 volts). 
These lino-voltage ranges arc equivalent to 10% 
below and above design-center voltage for which 
the Type 321 A is wired. As the line voltage is 
voried, the 10-volt regulofed supply should not 
vary ony more than ctO.5% (.•,t:50 mv). 

NOTE 

When checking for proper regulotion of the power 
supplies at the lower line-voltage limit, the ac line 
voltage should contoin no more than 1 % sine- 
wave distortion. 

d. Reset the autotronsformer to design-center line volt- 
age. 

e. Disconnect the dc voltmeter. 

2. Check Supply Voltage and Ripple of Other Supplies 

(Cenverterl 

o. Using Table 6-1 as a guide, check the supply voltoge 
and output voltage ripple of each of the supplies 
listed. Refer to Fig. 6-2 for location of all test points 
except 3.3 kv which con be found by referring to 
Fig. 5-2 or Rg. 6-6. Use the dc voltmeter to check 
the supply voltages. Use the test oKilloscopc with 
a 1 X probe to check ripple voltoge. 

b. Disconnect the dc voltmeter and 1 X probe. 



1. Ad[ust 10-Volt Regulated Supply (Regulated Circuit) 

0 . Connect a dc voltmeter across the 10-volt reguloted 
supply ot the points shown in Fig. 6-1. 
b. Adjust the 10V ADJ R651 control |see Rg. 6-1] for 
0 reeding of exactly 10 volts. Use a voltmeter 
known to be occurote. 

NOTE 

It will be necessary to loosen the lock nut before 
the 10V ADJ control can be adjusted. Set the 



3. Adjust Colibrator Amplitude (Calibrator Circuit) 

a. Cormect the lest oscilloscope 1 X probe tip to the 
CAL OUT 500 MV connector. Connect the probe 
ground lead to the Type 321 A GND connector. 

b. Set the test oscilloscope front-panel controls to ob- 
tain a stable display of several cycles of the wave 
form. 

c. Adjust the CAL AMPL R864 control (see Fig. 6-1 ) for 
exactly 500 mv peak-lo-peak verticol deflection of 



TABLE 6-1 







Toleronce 


Maximum 


Power Supply 


of 


Peak-to-Peak 


Nome 


Nominal* 


Nominal Value 


Ripple 


-1-45 V (dec) 


+46.6 V 


±7% 


5 mv 


-f45V 


+45.0 v 


±2% 


10 mv 


+ 10V 


+2,6 V 


±2% 


25 mv 


+5.8 V 


+5.6 V 


±2% 


125 mv 


-10V (dec #1) 


-10.6v 


-..v.2% 1 


5 mv 


-lOV 


— ib.6v 


.*2% 


5 mv 


-10 V (dec #2) 


-11.1 v 


±2% 


5 mv 


-45 V 


-44.9 v 


:t:2% 


20 mv 


-47.5 V 


—47.6 v 


rt2% 


100 mv 


-720 V 


„J 


dc2% 


2.0 v 


+3S KV 


+3400V 


.•1:2% 


Not checked 



* Meoivrad with a 20.000n/v VOM. 
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the waveform displayed on the test oscilloscope. 
(Be sure the test oscilloscope itself is occurate.) 

Diseonrtect the probe from the CAL OUT 500 MV 
connector. 

d. Connect the IX probe to the CAL 4 01V test point 
shown in Fig. 6-1. Adjust the test oscilloscope for 
stable disploy at a verticol deflection foctor of 10 
mv^cm. The amplitude at this point should be 40 
mv, 

e. Discof(nect the probe from the Type 321 A. 

4. Adjust Dc Bolonce (Vertical Amplifier) 

0 . Rotate the LEVEL control fully clockwise to the FREE 
RUN position. 

b. Turn up the INTENSITY control until the troce is 
visible. Check that the VERTICAL POSITION control 
is set to midrange. Adjust the FOCUS. ASTIGMAT- 
ISM ond INTENSITY controls for a well defined 
troce of normal intensity. 

NOTE 

If the troce is not visible because it is above or 
below the crt viewing areo, preodjust the DC BAL 
control (front-panel screwdriver adjustment) to 
position the trace near graticule center. 

c. Using the HORIZONTAL POSITION control, position 
the trace to start at the left edge of the graticule 
(0-cm graticule line). 

d. Rotote the VARIABLE (VOLTS/OIV) control slightly 
clockwise out of the detent CALIB position and bock 
again. If any vertical displacement of the trace is 
apparent, adjust the DC BAL control until the trace 
remains stationary as the VARIABLE (VOLTS/DIV] 
control is rotated bock ond forth. 

e. Set the VARIABLE (VOLTS/DIV) control to the CALIB 
position. 



5. Check Crt Aligrsment (Crt Circuit) 

o. Ad|ust the FOCUS ond ASTIGMATISM controls for 
sharpest troce (narrowest trace width). 

b. Using the VERTICAL POSITION control, position the 
trace directly behind the center groticule line. 

c. If the troce and graticule line do not coincide over 
the length of the graticule, loosen the crt bose clamp 
and rotate the crt. 

d. When the trace ond graticule line ore in coincidence, 
hold the bottom of the groticule cover in ploce so 
the crt does not dislodge it and push the crt for- 
ward using 0 ploslic rod os a lever behind the crt 
socket. The crt face should rest snugly ogainsi the 
graticule. 

e. Recheck alignment of the trace but do not tighten 
the crt base clamp until offer the next step. 

6. Adjust Geometry (Crt Circuit) 

o. Using the VERTICAL POSITION control, position the 
trace to the top graticule line. 

b. If any curvature is present in the trace, adjust the 
GEOM ADJ R36I control for minimum curvature. 

c. Position the trace to the bottom groticule line ond, 
if necessary, repeat the previous step. 

NOTE 

A compromise setting of the GEOM ADJ control 
may be necessary for best over-all linearity. 

d- Position the trace to groticule center and recheck 
alignment of the trace. If the trace and groticule line 
coincide, tighten the crt base clomp. If the trace does 
not coincide, rotate the crt slightly for proper coin- 
cidence and then tighten the base clomp. 




' 1 


1 


1* ^ 









Fig. 6-1. T«it point loretleni lor <ho«klng Iho Convorlor ewtpvl vellpgo* Ibettom right-sido viowl. 
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7 . Adfuit Stability (Timo-Bose Gonerotor) 

o. Connect a 6" patch cord from the (Triggering) 
INPUT connector to the front ponet GND connector. 

b. Set the front-panel control} os follows: 



TIME/OIV 

TRIGGERING 

INT-EXr 

LEVEL 

STABILITY 



.1 MILLI SEC 

EXT 
AUTO 
Fully ccw 



c. Set the test oscilloscope Input Coupling switch to 
DC, the Voits/Div switch to .05 ond the Time/Div 
switch to 2 Millisec. 



d. Connect □ 10X probe [in place of the 1 X probe) 
to the test oscilloscope. 

e. Connect the probe tip to the junction of D131 and 
the base of 0135 [see Pig. 6 ^, poge 6-8 in this 
section). 

f. Slowly rotate the STABILITY control in a clockwise 
direction until a point is reached where a trace is 
first displayed on the Type 321 A crt. This is the 
point where outomatic sweep triggering first occurs. 

g. Using the test oscilloscope controls, position the 
waveform so the boss tine of the negotive-going 
sawtooth waveform [displayed on the test oscillo- 
scope crt) is located at a convenient point neor the 
bottom of the graticule. Note the location of the 
woveform base line displayed on the test oscillo- 
scope crt. 

h. Continue to slowly rotote the STABIUTY control in 
o clockwise direction until the troce displayed on the 
Type 321 A crt brightens. This is the point where 
the tirne bose free runs. 



i. Note the base-line position of the negative-going 
sowtooth woveforms disployed on the test oscillo- 
scope crt. 

j. Rotote the STABILITY control in a counterclockwise 
direction until the base line of the test oscilloscope 
woveform display is located holf woy between the 
location noted in step 7g and the one noted in step 
7i. 



k. Disconnect the test oscilloscope 10X probe ond the 
patch cord. 



NOTE 

As an alternative method for use in the field when 
a test oscilloscope is not available, the STABIUTY 
control con be adjusted with acceptable accuracy 
by setting the control half woy between the point 
where the troce first appeared ( as in step 7f I 
and the point where the troce brightens (as in 
step 7h ) . 



8. Adjust Vertical Gain (Verticol Amplifier) 

a. Set the VOLTS/DIV switch to the CAL 4 D1V posi- 
tion. 



b. Set the INT-EXT switch to INT and the TIME/DIV 
switch to .5 MILLI SEC. Adjust the Type 321 A CRT 
controls for a stable well defined disploy. 

c. Approximolely 4 divisions of signol should be dis- 
played. Adjust the VERT GAIN R468 control (see 
Fig. S-S) for exactly 4 divisions of vertical deflection. 

d. As on extra check to setting the goin, set the VOLTS/ 
DIV switch to .1 and connect the CAL OUT 500 MV 
jock to the [Vortical Amplifier] INPUT connector 
through the binding-post adopter ond the 6 " patch 
cord. The displayed sigr>ol should now be five 
divisions in amplitude. 

e. Disconnect the binding post adopter and patch cord. 



9. Adjust High-Frequency Compensation C506 (Verti- 
cal Amplifier) 

0 . Turn on the Type 105 Square-Wove Generator or 
equivolent. Set the Type 105 for an output frequency 
of 400 kc and the signol output to minimum. 

b. Connect the following items, starting from the Type 
105 signol output connector, in this order — 50-ohm 
coaxiol coble. 10:1 attenuator, and 50-ohm termina- 
tion — to the Type 321A (Verticol Amplifierl INPUT 
connector. 

c. Set the Type 321A VOLTS/DIV switch to .01 ond the 
TIME/DIV switch to .5/uec. 

d. Set the Type 105 output omplltude to produce a dis- 
play 4 major divisions in amplitude on the Type 
321 A. 

e. Adjust C508 (see Fig. 6-5) for best square-wave res- 
ponse; that is, for squorest leoding top corner on 
the woveform. 

f. Disconnect the Type 105 signal from the Type 321A. 



10. Adjust Probe and VOLTS/DIV Attenuator (Verti- 
col Amplifier) 

a. Set the TIME/DIV switch to 1 MILLI SEC. 

b. Connect the cable end of o P6006 Probe to the (Verti- 
col Amplifier) INPUT connector. 

c. Set the Type 105 for on output frequency of 1 kc ond 
the signal output to minimum. 

d. Connect the probe tip through □ 50-ohm termination 
and 10:1 attenuator (in thot order to the Type 105 
signal output connector. Use odopters, if needed, 
to make proper signal and ground connections be- 
tween the two instruments. 

e. Set the Type 105 signal output to produce a deflec- 
tion of obout 4 major divisions on the Type 321A 
crt. 

f. Compensate the probe as instructed under "Use of 
Probes" in Section 3 and illustroled in Fig. 3-7. 

g. Set the VOLTS/DIV switch to .02. 

h. Adjust the output amplitude of the Type 105 so the 
display is about 4 divisions in amplitude. 
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Calibralion •— Typ* 321 A 



Undar Com^ntetad 



Adjuttad Cerracfly 



0«ar Campantatad 




eta- 6-3. SMndonlltlna <ha Inpid Hma (anafont. 



i. Using the inFormation given in Toble 6>2, adjust the 
two capacitors for eoch position (starting with the 
.02 VOLTS/DIV position) for best square*wave 
response. Location of the variable capacitors is 
shown in Fig. 6-5. Then, continue in a similar 
manner for the remaining VOLTS/OIV switch posi- 
tions listed in the table. Maintain d divisions of 
deflection for each switch position providing the 
generator has sufficient output. 

TABLE 6-2 



Input Time-Constant Standardiiation 
and Attenuator Compensation 



VOITS/DIV 

Switch 

Position 


Adjust for 
Optimum Flat Top 
(see Fig. 6-3) 


Adjust for Optimum 
Leading Square Cor 
ner (see Fig. 6-4) 


.02 


C413A 


C418C 


-05* 


C416A 


C416C 


.1 


C4I4A 


C4I4C 


1** 


C412A 


C412C 


10*‘* 


C410A 


C410C 



* Katnova tha I Oil altanuatar for ltii$ and raaoining twitrh patiliont. 
Turn off tha Typa 105 d< aurpwl whan raaiovlng the ortanvolar >o 
ovoid a (hack hoxord. 

**Rtniava tha 50-ehai larainolien tor thii and lollewing twitch 
paiitlen. Avoid ihock hezord at detcribad praviavily. 

' * * Maiimvm ompllluda at tha diiplay it I moier divitian tinea 100 
valli li tha neilaiwat aulpul empliluda Iron lha Typa 105. 



j. Turn off the Type 105; disconnect the probe from 
the Type 105 and tlw Type 321 A. 



11. Check Frequency Response (Vertical Amplifier) 

a. Set the Attenuator switch of the Type 190A (or 190B 
or equivolenl) Constant-Amplitude Signol Generotor 
to the O.l-voll peok-to-peok position. 

b. Connect the Type 190A Attenuator unit through a 
50-ohm terminotion to the Type 321A (Vertical Am- 
plifier) INPUT connector. Use o connector odopter, 
if needed, to moke proper connections. 

c. Set the Signal Generator for on output frequency 
of 50 kc. 

d. Set up the Type 321 A front-panel controls as follows: 

(TRIGGERING) LEVEL FREE RUN 

VARIABLE (TIME/DIV) CALIB 

VOLTS/DIV .01 

VARIABLE (VOLTS/DIV) CALIB 

e. Adjust the Type 190A to produce a deflection of 
exactly 4 mojor divisions on the Type 321 A. 

f. Usirtg the VERTICAL POSITION control, position the 
disploy so the deflection extends over the middle 
4 divisions. 



Undaf Cempantalad 
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Calibration — Type 321 A 



g. Increase the Signol Generator output frequency to 
6 me. 

h. The cieflection should now be 2.8 moior divisions 
or more. This is equivalent to an upper bandpass 
of 6 me or more at 3 db down. 

i. Disconnect the Type 190A signal. 

12. Adjust Horizontal Gain (Horizontal Amplifier) 

a. Set up the front-panel controls of the Type 321 A as 
follows: 



TIME/DIV 


1 MILLI SEC 


VARIABLE (TlME/DlV) 


CALIB 


5X MAG 


Knob pushed in 


TRIGGERING 




INT-EXT 


INT 


AC-DC 


AC 


SLOPE 


-h 


AC-DC-GND 


DC 



b. Apply 1-millisec ond 100 j;isec markers from the Type 
180A Time-Mork Generotor. or equivalent, through a 
cooxial cable to the Type 321 A (Vertical Amplifier) 
INPUT connector. 

c. Set up the following controls (or best presentation 
which is about 3 major divisions in amplitude: 
VOLTS/DIV, VARIABLE (VOLTS/DIV), VERTICAL 
POSITION. HORIZONTAL POSITION, (TRIGGER- 
ING) LEVEL, FOCUS, INTENSITY. ASTIGMATISM, 
ond SCALE ILLUM. 

d. Adjust the HORIZ GAIN R338 control (see Fig. 6-6) 
for one highest (1 millisec) morker per division. 
Use the HORIZONTAL POSITION control to align 
the 1-millisec markers with the graticule lines. The 
circuit must colibrote between the I- ond 9-division 
graticule lines in this step ond when performing 
steps 15, 17, and 18. 

13. Adjust Sweep Length [Time-Bos* Generator) 

o. Using the HORIZONTAL POSITION control, posi- 
tion the llth 1-millisec marker (located at the 10- 
division graticule line) to groticule center. 

b. Adjust the SWEEP LENGTH R176 control (see Fig. 
6-6) for five short |100-;i$ec) morkers offer the 11th 
1 -millisec marker. This is equivalent to a sweep 
length of 10.5 mojor divisions. 

c. Position the disploy to stort ol the 0-division grati- 
cule morking. 

14. Adjust Magnifier Gain (Horizontal Amplifier) 

a. Pull the 5X MAG knob to its outward position. 

b. Adjust the MAG GAIN R348 control (see Pig. 6-6) 
for I highest (1-millisecl marker per 5 major divisions 
ond 2 short (1(X)-^scc) markers per I major division. 



Use the HORIZONTAL POSTION control to align the 
1-millisec markers with the 0-, S-, and 10-major- 
division groticule lines. 

15. Check Mognified Sweep Linearity (Horizontal Am- 

pifier) 

o. Using the HORIZONTAL POSITION control, position 
the display to the right until the sweep storts at the 
1 -mojor -division graticule line. 

b. Check sweep linearity over the first 6-major-division 
portion of the display. Non-linearity should not 
exceed d-2% or :±0.15 mojor division. 

c. Position the disploy to the left and check linearity 
for the remaining portions of the display. Non- 
linearity should not exceed ±:7% over any 8-major- 
division portion of the display. 

16. Cheek Normal-Magnified Sweep Registration (Hori- 
zontal Amplifier) 

o. Set the Type I80A lor S-miliisec time-marker output. 

b. Adjust the VOLTS/DIV, VARIABLE (VOLTS/DIV), ond 
(TRIGGERING) LEVEL controls for a sfoble display 
about 3 major divisions in amplitude. 

c. Push the 5X MAG knob inward ond position the 
display to start at the 0-division graticule line. 

d. Note the marker located at the center (5-division) 
graticule line. Using the HORIZONTAL POSITION 
control carefully position Ihis marker so it coin- 
cides exactly behind the center groticule line. 

e. Poll the 5X MAG knob outward ond note the dis- 
tance that the marker shifted. Marker shift should 
be less than rh-2.5 mojor divisions. 

{. Push the SX MAG knob inward. 

17. Adjust .5 |usec Sweep-Rate Timing (TIME/DiV 

Switch) 

0 . Set the Type 180A for 1-/isec time-marker output. 

b. Sot the Type 321A TIME/DIV switch to .5/iSEC. 

c. Set the VOLTS/DIV, VARIABLE (VOLTS/DIV). ond 
(TRIGGERING) LEVEL controls for o stable display 
obout 3 mojor divisions in amplitude. 

d. Adjust O60L (see Fig. 6-6) for 1 marker per 2 
major divisior>s over the center 6-major division 
portion of the graticule. 

18. Check Sweep-Rote Timing Accuracy (TIME/DIV 

Switch) 

a. Table 6-3 lists the time markers to be applied for 
the indicated setting of the TIME/OIV switch, ond 
the number of morkers per division to be observed 
for coch setting. There ore no adjustments to be 
mode in this Step. This is o check of the TIME/DIV 
switch ond associated circuitry; porlicularly the 
R160- ond C160-scries components ihot are switched 
into the circuit. 
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CalibraKen — Type 32 1 A 



TABLE 6-3 



TIME/DIV 


Time Markers 


Markers for 


Switch 


from 


Major Division 


Position 


Type 180A 


(Accuracy ±3*4) 


1 ,iS£C 


1 fuec 


1 


2mSEC 


1 fiiee 


2 


5^SEC 


5 fisec 


1 


10/xSEC 


1 0 Hite 


1 


20/xSEC 


10 fuec 


2 


SOmSEC 


50 fisec 


1 


.1 MILLI SEC 


100 fisec 


1 


.2 MILLI SEC 


100 saec 


2 


.5 MILLI SEC 


500 (iitc 


1 


1 MILLI SEC 


1 msec 


1 


2 MILLI SEC 


1 mese 


2 


5 MILLI SEC 


5 msec 


1 


10 MILLI SEC 


10 msec 


1 


20 MILLI SEC 


10 msec 


2 


50 MILLI SEC 


50 msec 


1 


.1 SEC 


KX) msec 




.2 SEC 


1(X) msec 


2 


.5 SEC 


500 msec 


1 



b. Disconnect the Type 180A signal. 

19. Check External Horizontal Deflection Factor (Hori- 
zontal Amplifier) 

0 . Set the TIME/DIV switch to .1 MILLI SEC the VOLTS/ 
DIV switch to 1, ond the VARIABLE (VOLTS/DIV) to 
CALIB. 

b. Apply o 5-volt peok-lo-peok 50-kc signal from the 
Type 190A, or equivalent, (through a suitable con- 
nector adopter, if needed] to the Type 321 A (Verti- 
col Amplifier] INPUT connector. 

c. Adjust the Signal Generator output amplitude to 
obtain exactly 5 mojor divisions of vertical deflec- 
tion on the Type 321 A crt. Use the (TRIGGERING) 
LEVEL control to moke the display stable and the 
VERTICAL POSITION control to center the display 
while setting up the Type 32IA to obtain the correct 
deflection. Adjust the II^ENSITY control for pleasing 
display brightness. 

NOTE 

The Type 190A is now set up so its output ampli- 
tude is exactly 5 volts peok-to-peak (^3%). 
This signal con now be used to check the external 
horizontal deflection factor. Do not move the 
Type I90A control until steps 19d through 19h 
are completed. 

d. Disconnect the Type I90A signal from the (Vertical 
Amplifier] INPUT connector. 

e. Apply the Type I90A signal through a suitoble clip- 
lead adapter to the Type 321 A EXT HORIZ INPUT 
connector. Connect the ground lead of the clip-lead 
adapter to the Type 321A GND connector. 



f. Set the TIME/DIV switch to EXT HORIZ INPUT and 
pull the 5X MAG knob outward. 

g. Set the VERTICAL POSITION and HORIZONTAL 
POSITION controls so the troce is located near 
graticule center. Use the INTENSITY control to ad- 
just the brightness of the trace to o suitable level. 

h. Check that the horizontal deflection of the trace is 
5 mojor divisions long within a tolerance of :i:10% 
or ±:0.5 mojor division. 

20. Check Externol Horizontal Frequency Response 

(Horizontal Amplifier) 

a. Reduce the output amplitude of the Type 190A until 
the horizontal deflection of the trace is exactly 4 
major division long. 

b. Increase the output frequency of the Type 190A 
until there are 2.8 major divisions of horizontal 
deflection. 

c. Check the Type I90A output frequency. The fre- 
quency should be 1 me or higher. 

d. Set the TIME/DIV switch to 1 MILLI SEC and push the 
5X MAG knob to the inword position. 

e. DiKonnect the Type 190A signal. 

21. Chock Battery Charger (Regulator Circuit) 

This is an optional check that should be made if you plan 
to operate the Type 321A from its internal rechargeoble 
cells. This step checks the charging current by meosuring 
the voltage drop across R593, a resistor connected in series 
with the batteries. 

a. Set the POWER switch to TRICKLE. 

b. Disconnect the oc line cord from the Type 32IA ond 
insert rechargeable cells in the battery holder. 

c Reconnect the lirte cord to the Type 321A. Check 
that the outotronsformer is set to design-center line 
voltage. 

e. Connect the dc voltmeter ocross R593. See Fig. 6-5 
for location of R693 and polarity of voltage. Use 
Table 6-4 as a guide for typical voltage readings 
that should be obtained for the various switch posi- 
tions. 



TABLE 6-4 



POWER 


Charger 


Typical 


Switch 


Switch 


1 Voltage 


Position 


Position 


1 Reading 




h LOW 


4.45 


TRICKLE 


HIGH 


2.2 




DRY CELLS 


0 




LOW 


23.4 


FULL 


HIGH 


19.4 




DRY CELLS 


0 




LOW 


3.2 


EXT ON 


HIGH 


1.6 




DRY CELLS 


0 
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SECTION 7 

PARTS LIST and DIAGRAMS 

PARTS ORDERING INFORMATION 

Replacement ports are ovoilable Irom or through your locol Tektronix Field Office. 

Changes to Tektronix instruments are sometimes mode to accommodote improved 
components as they become avoiloble, and to give you the benefit of the latest circuit 
improvements developed in our engineering department. It is therefore important, when 
ordering ports, to include the following informotion in your order: Port number including 
ony suffix, instrument type, serial number, ond modificotion number if applicable. 

If a port you have ordered has been reploced with a new or improved port, your 
local Tektronix Field Office will contact you concerning ony chonge in port number. 



ABBREVIATIONS AND SYMBOLS 



a or omp 


amperes 


mm 


millimeter 


8HS 


binding heod steel 


meg or M 


megohms or mega (10*) 


C 


carbon 


met. 


melol 


cer 


ceromic 




micro, or 10 * 


cm 


centimeter 


n 


none, or 10 ’ 


comp 


composition 


0 


ohm 


cps 


cycles per second 


OO 


outside diameter 


crt 


cothode-ray tube 


OHS 


ovol heod steel 


CSK 


counter sunk 


P 


pico, or 10 


dia 


diameter 


PHS 


pan head steel 


div 


division 


piv 


peak inverse voltage 


EMC 


electrolytic, metal cosed 


piste 


plastic 


EMT 


electroyltic, metal tubulor 


PMC 


paper, metal cosed 


ext 


external 


poly 


polystyrene 


f 


farad 


Prec 


precision 


F & 1 


focus ond intensity 


PT 


paper tubulor 


FHS 


flat head steel 


PTM 


paper or plastic, tubular, molded 


Fil HS 


fillister head steel 


RHS 


round heod steel 


g or G 


gigo, or 10’ 


rms 


root mean square 


Ge 


germonium 


sec 


second 


GMV 


guaranteed minimum value 


Si 


silicon 


h 


henry 


S/N 


serial number 


hex 


hexogonol 


t or T 


tero, or 10” 


HHS 


hex head steel 


TD 


toroid 


H5S 


hex socket steel 


THS 


truss head steel 


HV 


high voltage 


tub. 


tubulor 


ID 


inside diometer 


V or V 


volt 


incd 


incandescent 


Var 


variable 


int 


internal 


w 


watt 


k or K 


kilohms or kilo (10’| 


w/ 


with 


kc 


kilocycle 


w/o 


without 


m 


mini, or 10‘' 


WW 


wire-wound 


me 


megacycle 







xooo 

ooox 

' 000-000 



Use 000-000 

o 



SPECIAL NOTES AND SYMBOLS 

Part first added at this serial number. 

Part removed ofter this serial number, 

Asterisk preceding Tektronix Port Number indicates manufoctured by or for Tektronix, 
or rewodced or checked components. 

Port number indicated is direct replocement. 

Internal screwdriver adjustment. 

Front-panel adjustment or connector. 
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FRONT ft REAR 




2 






Parts list — Typ« 321 A 



FRONT I REAR 



lEt. 

NO. 


SAKT 

NO. 




i 


OESCtIPTION 


IFS. 


DISC. 


1 


366-203 






1 


KN08, groy — FOCUS 




. . * , 






. 


Includes; 




213-075 






« 


SCREW, set, 4-40 * %, inch HSS 


mm 


« . • « 






. 


Mounlinfl Hordwore For Pot: 


■■ 


210-046 






1 


LOCKWASHER, internol, .400 OO x .261 ID 




210-583 






1 


NUT, hex, '/4-32 x Vu inch 




210-940 






1 


WASHER, *4 ID X V, inch OD 




366-203 






1 


KNOB, gray — ASTIGAAATISM 


H 


. • • - 






. 


Includes; 




213-075 






1 


SCREW, set, 4-40 x >/„ inch HSS 


H 


366-203 






1 


KNOB, groy — INTENSITY 




• . « • 






. 


Includes: 




2134)75 






1 


SCREW, set. 4-40 x Vss inch HSS 


5 


366-203 






1 


KNOB, gray— SCALE lUUM 




. • • • 






. 


Includes: 




213-075 






1 


SCREW, set, 4-40 X Vs] inch HSS 


D 


366-270 






1 


KNOB, chorcool — VERTICAL POSITION 


■I 








. 


Includes: 




213-075 






1 


SCREW, set, 4-40 x *4, inch HSS 


n 








. 


Mounting Hardware For Pot: 


mm 


210-046 






1 


LOCKWASHER, internal, .400 OD x .261 ID 


■ 


210-223 






1 


LUG, solder, '4 inch 




210-583 






1 


NUT, hex, ’4-32 x *4* indt 


D 


366-270 






1 


KNOB, chorcool — HORIZONTAL POSITION 


H 








. 


Includes: 




213-075 






1 


SCREW, set. 4-40 x inch HSS 


n 


366-270 






1 


KNOB, chorcool — POWER ON 




• . • • 






. 


Includes: 




213-075 






1 


SCREW, set, 4-40 x >4, inch HSS 


10 


260-617 






1 


SWITCH, unwired — POWER ON 




• • • . 








Mounting Hardwore: (not included) 




210-583 






n 


NUT, hex, ’4-32 x */»* inch 




210-940 






n 


WASHER, '4 ID X >4 inch OD 


11 


366-081 






1 


KNOB, red — VARIABLE 












Includes; 




213-004 






1 


SCREW, set, 6-32 x Vi« inch HSS 


12 


366-230 






1 


KNOB, chorcool — VOLTS/OIV 












Includes; 




213-004 






1 


SCREW, set, 6-32 x Vw inch HSS 


13 


262-661 






1 


SWITCH, wired — VOLTS/DIV 












Includes; 




260-625 






1 


SWITCH, onwired — VOLTS/DIV 


14 


214-153 






10 


FASTENER, delrin 


15 


337-332 








SHIELD, attenuotor 




• • • • 








Mounting Hordwore: (not irKluded) 




211-008 






2 


SCREW, 4-40 X ’4 inch BHS 


)6 


407-060 






1 


BRACKET, attenuator 
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Parts List — Type 321A 



FRONT ft REAR (Cont'd} 



*EF. 

NO 


FAIT NO. 


SEItAl/MODIl NO. 


i 


DESCIIFTION 


IFF. 


DISC. 


17 


441-0581-00 






1 


CHASSIS, attenuator 










- 


Mounting Hardwore: (not included] 




210-0004-00 






2 


LOCKWASHER, internol, #4 




210 0406-00 






2 


NUT, hex, 4-40 x Vi« inch 




211-0008-00 






2 


SCREW. 4-40 X y ,4 inch BHS 




210-0201-00 






1 


LUG, solder, SE #4 










- 


Mounting Hardware For Switch; (not included) 




210-0012-00 






1 


LOCKWASHER, internal, V.xV, inch 




2104M13-00 






1 


NUT, hex, y*-32 x '/j inch 




210-0840-00 






1 


WASHER, .390 ID x V,, inch OD 




211-0008-00 






2 


SCREW, 4-40 X 'A irwh BHS 


18 


366-0276-00 








KNOB, red— VARIABLE 












Includes: 




213-0004-00 






1 


SCREW, set, 6-32 x Vn inch HSS 


19 


366 0230-00 






1 


KNOB, chorcoal— TIME/DIV 










. 


Includes: 




213-0004-00 






1 


SCREW, set, 6-32 xVu inch HSS 


20 


262-0660-00 








SWITCH, wired— TIME/DIV 










. 


Includes: 




260-0376-00 






1 


SWITCH, unwired— TIME/DIV 


21 


384-0197-00 






1 


ROD, extension 










• 


Mounting Hordware; (not included) 




213-0075-00 






n 


SCREW, set, 4-40 x Vss inch HSS 


22 


348-0055-00 






n 


GROAAMCT, nylon, 'A inch 


23 


406-0024-00 








BRACKET 










■I 


Mounting Hordware: (not included) 




2100006 00 






2 


LOCKWASHER, internal, #6 




210-0407-00 






2 


NUT, hex. 6-32 x ’A inch 


24 








• 


Mounting hardware For Pot: 




210-0413-00 






2 


NUT. hex, V»-32 x '/, inch 




210-0840-00 






1 


WASHER. .390 ID x 7,* inch OD 










. 


Mounting Hardwore For Switch: (not included) 




210-0012-00 






1 


LOCKWASHER, internol, V« x Vi inch 




210-0413-00 






1 


NUT, hex, Vi-32 x Vi« inch 




211-0504-00 








SCREW. 6-32 X 'A inch 


25 


366-0148-00 






II 


KNOB, charcool— AUTO (LEVEL) 












IrKludes; 




213-0004-00 






n 


SCREW, set, 6-32 x Vu inch HSS 


26 


262-0662-00 






1 


SWlTOi, wired— AUTO (LEVEL) 










. 


Includes: 




260-0296-00 






1 


SWITCH, unwired— AUTO (LEVEL) 


27 


376-0014-00 






1 


COUPLING 


28 








- 


Mounting Hordware For Miniature Pot; 




210-0046-00 






1 


LOCKWASHER, internol, .400 OD x .261 ID 




210-0583-00 






2 


NUT. hex. bross, 'A-32xV,4 inch 










- 


Mounting Hardware For Switch; (not included) 




210 0012-00 






1 


LOCKWASHER, internol, V* * '/: inch 




210-0413-00 






1 


NUT, hex, Vi-32 X '/j inch 




210-0840-00 








WASHER, .390 IDx’/u inch OD 
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Ports List — Type 321A 



FRONT t REAR fConfdl 



KEF. 

NO. 


PAKT NO 


SHlAL/MOQEl NO. 




DESCKIFTION 


EFF. 


DISC. 


29 


260-0448-00 






1 


SWITCH, onwired— AC-DC-GND 










. 


Mounting Hardware; (not included) 




210-04064X) 






2 


NUT, hex, 4-40 x */u •''^h 


30 


260-0449-00 






1 


SWITCH, unwired— INT-EXT 










• 


Mounting Hardware: (not included) 




210-04064)0 






2 


NUT, hex, 4-40 x Vu inch 


31 


260-0449-00 






1 


SWITCH, unwired— AC-EX: 










• 


Mounting Hardware: (not included] 




210-0406-00 






2 


NUT, hex, 4-40 x Vu inch 


32 


260-0447-00 






n 


SWITCH, onwired— SLOPE 










■ 


Mounting Hardware: (not included) 




210-0406-00 






B 


NUT, hex, 4-40 x Vi* inc^' 


33 


131-0106-00 






B 


CONNECTOR, chassis mounted, BNC 










B 


Mounting Hardware: (not included] 




210-0255-00 






B 


LUG, solder 




210-0423-00 






B 


NUT. hex, Vi-32xy, inch 


34 


136-0140-00 






3 


SOCK^, banana tock ass y 










• 


Mounting Hardware For Each: (not included) 




210-0223430 






1 


LUG, solder, '/^ inch 




210-0465-00 






2 


NUT. hex, Vj-32xy, inch 




210-0895-00 






1 


WASHER, insulating, block 


35 


150-0038-00 






1 


LIGHT. LOW BATTERIES 


36 


129-0053-00 






1 


POST, binding, ossembly 










• 


Includes: 




200-0103-00 






1 


CAP, binding post 




210-0011-00 






1 


LOCKWASHER, internol, '/* inch 




210-0455-00 






1 


NUT. hex, ’/,-28xV, inch 




355-0507-00 






1 


STEM, binding post adapter 


37 


333-0830-00 






1 


PANEL, front 


38 


358-0075-00 






2 


BUSHING, miniature pot 


39 


387-0940-00 






1 


PLATE, front 


40 


136-0135-00 






1 


SOCKET, 2 pin (not shown) 










■ 


mounting hardware: (not included w/socket) 




213-011300 






B 


SCREW, threod forming, 2-32 x Vu inch, RHS 




387-0345-00 






1 


PLATE, mica 


41 


200-0196-00 






1 


COVER, transistor 










■ 


Mounting Hordwore: (not included) 




211-0510-00 






B 


SCREW. 6-32 X »/* inch BHS 


42 


136-0140-00 






1 


SOCKET, bonono jack ass'y 










. 


Mounting Hardwore: (not included] 




21043223-00 






n 


LUG, solder, V* inch 




210-0465430 






B 


NUT, hex, '/.-32xVi inch 


43 


136-0139-00 






B 


SOCKET, banana jack ass y 










B 


Mounting Hardware: (not included] 




210-0223-00 






B 


LUG, solder, V* inch 




210-0465430 






B 


NUT, hex, '/,-32x Vt-inch 




2104)898-00 






1 


WASHER, insulating, red 


44 


334-0715-00 






1 


TAG, crt grid 


45 


387-0948-00 








PLATE, reor 



5 




















Ports UsI — Type 321 A 



FRONT & REAR rConCdJ 



XEf. 

NO 


PAST NO. 


SEIIAL/MOOEL NO. 


s 


OESCIIPTION 


EfF. 


' DISC. 


46 


337-0652-00 






■ 


SHIELD, switch 










II 


Mounting Hardwore; (not included) 




21 1 -050400 






B 


SCREW. 6-32 X inch PHS 


47 


387-0938-00 






B 


PLATE, bulkheod, front 










B 


Includes: 




214-0210-00 






1 


SPOOL, solder assembly 










. 


Mounting Hardware: (not included) 




361-0007-00 






1 


SPACER 










. 


Mounting Hordwore: (not included] 




211-0504-00 






4 


SCREW, 6-32 X inch PHS 


48 


348-0056-00 






1 


GROMMET, Vs inch 


49 


348-0055-00 






1 


GROMMET, •/, inch 


50 


122-0123-00 






m 


ANGLE, rail bottom 










B 


Mounting Hardware For Each: (not included) 




211-0504-00 








SCREW, 6-32 X 'A inch PHS 




334-0931-00 






1 


TAG, voltage rating (left rail, not shown) 


51 


124-0109-00 






1 


STRIP, felt, 4'/u inches 




124-0115-00 






1 


STRIP, felt, 2Vs inches 


52 


131-0084-00 






1 


CONNECTOR, coble, 12 inch at>ode 


53 


200-0197-00 






1 


COVER, crt anode 


54 


200-0584-00 






1 


COVER, graticule 


55 


331-0055-00 






1 


GRATICULE 


56 


337 0336-00 






m 


SHIELD, crt 










II 


Mounting Hardware: (not included) 




211-0504-00 






m 


SCREW. 6-32 X 'A inch PHS 


57 


343-0029-00 






1 1 


CLAMP, crt socket 












Mounting Hardwore. (not included] 




210-0457-00 








NUT, keps, 6-32 X Vi* inch 




210-0501-00 






h| 


NUT, square, 10-32 x Vs ifch 




210-0803-00 








WASHER, 6L x V* inch 




211-0534-00 






HI 


SCREW, 6-32 X Vu inch PHS 




21 2-0557-00 






HI 


SCREW, 10-32X 'A inch RHS 


58 


381 -0227-00 






HI 


BAR. olum., extruded handle assembly 










H| 


Includes: 


59 


344-0098-00 






2 


CLIP 




212-0566-00 


1009 


2799 


2 


SCREW, 10-32 X Vi* inch RHS 




21 2 0507-00 


2800 




2 


SCREW, 10-32 xV# inch PHS 




210-0010-00 . 


X2800 




2 


LOCK WASHER, infernol, #10 


60 


367-0037-00 






n 


HANDLE 










B 


Mounting Hardwore: (not included) 




211-0504-00 






B 


SCREW, 6-32 X 'A inch PHS 


61 


387-0941-00 






B 


PLATE, bulkhead, rear 










B 


Mounting Hardwore: (not included) 




211-0504-00 






B 


SCREW, 6-32 X 'A inch PHS 




210-0202-00 


X400 




n 


LUG. solder, SE6 


62 


348-0026-00 






2 


FOOT, gray, flip-siond pivot block, left 




348-0027-00 






2 


FOOT, groy, flip-stand pivot block, left 


63 


348-0062-00 






4 


FOOT, plastic 










. 


Mounting Hordwore For Eoch: (not included] 


j 


210-0457-00 






1 


NUT keps, 6-32 x »/it inch 




211-0532-00 






1 ■ 


SCREW, 6-32 xV. inch Fil HS 


64 


348-0030-00 






1 


GROMMET, polyelhylene, crt shield 


65 


348-0056-00 






m 


GROMMET, delrin 


66 


354-0095-00 


1 


1 




RING, erf rololing 





















FRONT « REAR (Conf'dJ 



Ports List — Typ* 321 A 



SIRIAl/MOOEL NO. 



CFf. Disc. 



210 0478-00 
210-0601-00 
211-0507-00 
211-0553-00 
337-06544X) 

211-0504-00 

352-0080-00 

210 0006-00 
213-0045-00 

213- 0133-00 

214- 0501-00 
352-0079-00 
387-0967-00 
387-0966-00 

210-0006-00 
213-0131-00 
391 -0060-00 
361-0078-00 

210-0018-00 

220-0415-00 

387-0969-00 

105-0009-00 

210-0470-00 

210-0870-00 

213-0040-00 

150-0020-00 

134-0012-00 

406-0020-00 

348-0024-00 



Mounting Hardware For 5 Watt Resistor: 

NUT, hex, alum., resistor mounting: 

EYELET 

SCREW, 6-32 X Vu inch BHS 

SCREW, 6-32x1*/, inches RHS, phillips 

SHIELD 

Mounting Hordware: (not included) 

SCREW, 6-32 X *4 inch BHS 
HOLDER, battery assembly 
Includes; 

LOCKWASHER, internol, #6 
SCREW, self-tapping, 4-40 x'/u phillips 

SCREW, contact, 6-32 
SPRING, contact 
HOLDER, battery 
PLATE, contoct 
PLATE, bottom assembly 
Includes; 

LOCKWASHER, internal, #6 
SCREW, contact, 6-32 
BLOCK, contact assembly 
SPACER, bottery 

Mounting Hardwore For Capacitor: 

LOCKWASHER, steel, Vu inch 
NUT, hex, brass, Vu-32 x 7i« inch 
PLATE, cabinet, 

Eoch Indudes: 

STOP, Vj* IDx"/„ inch OD 
NUT, cabinet fastener 
WASHER, Vu ID X V\t inch OD 
SCREW, fastening, 6-32 x'/j inch 
BULB, pilot light assembly 
PLUG, bonana, male, twin 
BRACKET, ottenuator 
FOOT 



















Pdrts list — Typ* 321 A 



CHASSIS 
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Part* list — Type 321 A 



CHASSIS 



SMIAL/MOOii NO. 





136-035 

210-457 

210- B03 

211- 510 
136-101 

213- 055 

214- 153 
260^450 

210-004 

210- 406 

211- 008 
343-044 

210- 586 

211- 008 
352-077 
352-078 

8 344-016 

210-006 

210- 407 

211- 504 
348-055 

10 3484)56 

11 3484)31 

12 352-025 

211-507 

13 - - - . 
210-046 
210-583 

210- 940 

14 210-202 

213-044 

15 406-685 

211- 507 

16 200-532 

17 386-252 

210-006 

210- 407 

211- 534 

18 200-293 



SOCKET, graticule light 
Mounting Hardware: (not included] 

NUT, hex, 6-32 x Vu inch 
WASHER, 61 X y, inch 
SCREW, 6-32 X % inch BHS 
SOCKET, 5 pin 

Mounting Hardware: (not included! 

SCREW. 2-32 X V,« inch PHS, phillips 
FASTENER, snap 
SWITCH, unwired — Charger 
Mounting Hardware: (not included) 

LOCKWASHER, internal, #4 
NUT, hex, 4-40 x */u inch 
SCREW, 632 X % inch BHS 
CLAMP, mounting 

Amounting Hardware For Each: (not included) 

NUT, hex, 4-40 x '/< inch 
SCREW, 4-40 X V* inch BHS 
HOLDER, transistor 
HOLDER, transistor 
CLAMP, "/ij X l*/t« inches diameter 
Mountirtg Hardware: (not included) 

LOCKWASHER. intemol, #6 
NUT, hex, 632 x inch 
SCREW, 6412 x '4 inch BHS 
GROMMCT, plastic, '4 inch diameter 
GROMMET, delrin, .406 OD x ,353 inch ID 
GROMMET, polypropylene, ’4 inch diameter 
HOLDER, fuse, dual 3AG 
Mounting Hardwore; (not included) 

SCREW, 6-32 X y„ inch BHS 
Mounting Hardware For Minioture Pot: 

LOCKWASHER, .400 OD x ,261 inch ID 
NUT, hex, ’4-32 x V,* inch 
WASHER, ’4 ID X y, inch OD 
LUG, solder, SE #6 

Mounting Hardware For Eoch: (not included) 

SCREW, thread cutting, 5-32 x */n inch PHS, phillips 
BRACKET, transformer 
Mounting Hordwore: (not included) 

SCREW, 632 X »/,* inch BHS 
COVER, capacitor, polyethylene, 2'4j x 1 inch diameter 
PLATE, fiber, small 
Amounting Hordware: (not included) 

LOCKWASHER, infernol, #6 
NUT, hex, 6-32 x '4 inch 
SCREW, ^32 X yi 4 inch PHS with locicwasher 
COVER, capacitor, polyethylene, 2Vi4 x 1.365 inches ID 


























Pprts List — Type 32 1 A 



CHASSIS fConf’dJ 



RiF. 

NO. 


FART 

NO. 


SiRIAl/MODIl NO. 


i 


ORSCRIFTION 


IFF. 


DISC. 


19 


386-254 






1 


PLATE, fiber, large 




.... 






. 


Mouriring Hordwore; (rtot included) 




210-006 






2 


LOCKWASHER, infernal, #6 




210-407 






2 


NUT, hex, 6-32 x ’/, inch 




211-534 






2 


SCREW, 6-32 * Vu '"ch PHS with lockwasher 


20 


343-088 






3 


CLAMP, cable, delrin 


21 


441-557 






1 


CHASSIS, power 




.... 






. 


Mounting Hardware: (not included) 




211-507 






6 


SCREW, 6-32 X */u BHS 


22 


337-653 






1 


SHIELD, insulation 


23 


441-558 






1 


CHASSIS, high voltage 




.... 






. 


Mounting Hardware; (not included) 




211-507 






4 


SCREW, 6-32 X Vw inch BHS 


24 


337-655 






1 


SHIELD, sweep 




.... 






. 


Mounting Hardware: [not included) 




211-507 






5 


SCREW. 642 X Vu inch BHS 


25 


.... 






. 


Mounting Hardware For Miniature Pot: 




210-223 






1 


LUO, solder, V. inch 




210-583 






1 


NUT, hex, V4-32 x Vu inch 


26 


.... 






. 


Mounting Hordware For Transformer: 




210-006 






2 


LOCKWASHER, internal, #6 




210-407 






2 


NUT, hex, 6-32 x ’/. inch 


27 


.... 






m 


Mounting Hardware For Transistor: 




210-006 






n 


LOCKWASHER. internal, 6 




210-202 






n 


LUG, solder, SE #6 




210-407 








NUT, hex, 6-32 x '/. inch 




210-811 






n 


WASHER, fiber, #6 




210-812 






2 


WASHER, fiber, #10 




211-511 






2 


SCREW, 6-32 X y, inch BHS 


28 


337-651 






1 


SHIELD, high voltoge 




.... 






. 


Mounting Hordware; (not included) 




210-586 






3 


NUT, keps. 4-40 x '/* inch 


29 


441-556 






1 


CHASSIS, sweep 




.... 








Mounting Hardware: (not irKluded) 




211-507 






5 


SCREW, 6-32 X Vu inch BHS 


30 


348-012 






1 


GROMMET, rubber, */• inch 



7-10 



















CABLE HARNESS A CRAMIC STRIPS 



Parts Ust — Typ« 321 A 




7-n 








Parts List — Type 321 A 



CABLE HARNESS A CERAMIC STRIPS 



NO. 


PAIT NO 


SHIAl/MOOH NO. 




DiSCIIPTION 


Itt 


DISC. 


1 


179-0883-00 


too 


1999 


1 


CABLE HARNESS, sweep 




179-0883-01 


2000 




1 


CABLE HARNESS, sweep 


2 


179-0886-00 






1 


CABLE HARNESS, transiormer 


3 


124-0145-00 






7 


STRIP, ceramic, Vu ir^ch x 20 notches 












Each ItKludes: 




3554X)46-00 






2 


STUD, nylon 












Mounting Hardware For Each: (not included] 




361-0007-00 






2 


SPACER, nylon 


4 


124.014600 






3 


STRIP, ceramic. Vu Inch x 16 rtotches 










. 


Each Includes: 




355-0046 00 






2 


STUD, nylon 










. 


Mounting Hordsvare For Eoch: (not included] 




361-0007-00 






2 


SPACER, nylon 


5 


124-0147-00 






2 


STRIP, ceramic, Vi* inch x 13 notches 










. 


Each Includes; 




355-0046-00 






2 


STUD, nylon 










. 


Mounting Hardware For Eoch; (not included) 




361-0007-00 






2 


SPACER, nylon 


6 


124-0149-00 






3 


STRIP, ceromic, Vi, inch x 7 notches 










. 


Eoch Includes; 




355-0046-00 






2 


STUD, nylon 










. 


Mounting Hordwore For Each: (r>ot included] 




361-0007-00 






2 


SPACER, nylon 


7 


124-0146-00 






3 


STRIP, ceramic, Vi< inch x 16 notches 












Eoch Includes; 




355-0046-00 






2 


STUD, nylon 












Mounting Hordwore For Eoch; (not included) 




361-0009-00 






2 


SPACER, nylon 


6 


124-0092-00 






2 


STRIP, ceramic, inch x 3 notches 










- 


Eoch Includes; 




355-0046-00 






1 


STUD, nylon 










- 


Mounting Hardware For Each; (not included) 




361-0007-00 






1 


SPACER, nylon 


9 


124-0145-00 






6 


STRIP, ceramic, 7i* inch x 20 notches 










. 


Each Includes; 




355-0046-00 






2 


STUD, nylon 










- 


Mounting Hordwore For Eoch; (not included] 




361 -0007-00 






2 


SPACER, nylon 


10 


124-0146-00 






2 


STRIP, ceramic, inch x 16 notches 










. 


Each Includes: 




355-0046-00 






2 


STUD, nylon 












Mounting Hordwore For Eoch; (not included] 




361 -0007-00 






2 


SPACER, nylon 


tl 


124-0147-00 






4 


STRIP, ceramic, Vu inch x 13 notches 










. 


Each Includes: 




355-0046-00 






2 


STUD, nylon 










. 


Mounting Hardware For Each: not included] 


1 


361-0007-00 






2 


SPACER, nylon 
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Parts list— 'Type 321 A 



CABLE HARNESS & CERAMIC STRIPS fCont’dJ 



(EF. 

NO. 


FART 

NO. 


SIRIAl/MOOn NO. 


B 


DESCRiriON 


m. 


DISC. 


12 


124-148 






n 


STRIP, ceromic, 7u •''ch x 9 rwtches 




.... 






. 


Each Includes: 




355-046 






2 


STUD, nylon 




.... 






- 


Mourning Hardware For Each: (not irKluded) 




361-007 






2 


SPACER, nylon 


13 


179-885 








CABLE HARNESS, power conneclor 


14 


392-164 








BOARD (AC/DC Connector) 


15 


179-882 








CABLE, horness, verticol omplifier 


16 


124-149 






2 


STRIP, ceromic, Vu inch x 7 notches 




.... 






. 


Each Includes: 




355-046 






2 


STUD, nylon 




.... 






• 


Mounting Hardware For Each: (not included] 




361-007 






2 


SPACER, nylon 


17 


179-884 






1 


CABLE, harness, liming switch 


18 


179-887 






1 


CABLE, harneu, crt 




.... 






. 


Includes: 


19 


136-081 






1 


SOCKET, crt, 12 pin with 24 Inch leods 
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Parts List — Type 321 A 



STANDARD ACCESSORIES 




010 - 

103- 

161 

161 

161 

161 

012 

012 - 

103 

378- 



8 1 378 
070 



012700 

0013-00 

0015-00 

0015- 01 

0016- 00 
0016-01 
0031-00 
0091-00 
0033-00 
0547-00 
0577-00 
0425-00 



100 

1673 

100 

1673 

100 

950 

100 

X2S08 



1672 

1672 

949 

949X 



PKOBE, package, P6006 
ADAPTER. 3 fo 2 wire 
CORD, power, AC 
CORD, power, AC 
CORD, power, DC 
CORD, power, DC 
CORD, patch 

CORD, patch, BNC to banana plug, 16 inches, red 
ADAPTER, BNC to binding post 
FILTER, light, graticule 
FILTER, mesh (installed) 

MANUAL, insiruclion (not shown) 



>EF 

NO 



FAIT NO 



SCetAl/MOOEl NO. 



IFF 



DISC. 



OESCIIFTION 
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Ports Ust — Typ* 321 A 



ELEaRICAL PARTS 



Values are fixed unless marked Voriable. 



Tektronix 
Ckt. No. Port No. 



Description 



S/N Range 



Bulbs 



B424 




Neon. NE-23 




B«)1 


150001 


Incandescent, #47 


Graticule Light 


8502 


150^1 


IncondeKent. #47 


Groticule Light 


B699 


150-038 


Assy w/GE 680 Lotnp 


LOW BATTERIES 


8714 


1504)27 


Neon, NE-23 




8845 


150020 


Neon. FML-1-AFC-000 


niot Ught 



Copodtors 



Toleronce d:20% unless otherwise irtdicoied. 

Tolerance of all electrolytic capacitors os follows (with exceptions): 
3V — 50 V = -10%. +250% 

51 V — 350V = -10%. +100% 

351 V — 450 V = -10%. +50% 



C2 


281-501 


47 pf 


Cor 




500v 


+1 pf 


C8 


283-008 


0.1 *:f 


Cer 




500v 




C20 


2834)03 


0.01 Mf 


Cer 




150v 




C23 


281-518 


^pf 


Cer 




SOOv 


10% 


C30 


290026 


5^f 


EMT 




25 V 


-10% +75% 


07 


281-516 


39 pf 


Cer 




SOOv 


10% 


C43 


281-549 


68 pf 


Cer 




SOOv 


10% 


C131 


281-549 


68 pf 


Cer 




SOOv 


10% 


CI4) 


281-516 


39 pf 


Cer 




SOOv 


10% 


C147 


281-589 


167 pf 


Cer 




SOOv 


5% 


C160A 1 




lOxf 










C160C 




Ipf 










C160E 


•2954D78 


0.1 pf 


■Timing Series 








C160G 




0.01 yi 










C160J , 




0.001 ^f . 










O60L 


2814)22 


8-50 pf 


Cer 


Var 






CI60M 


Use 281-631 


470 pf 


Cer 




lOOOv 


5% 


C160M 


2834)148-00 


470 pf 


Cer 




lOOOv 


5% 


Cl 65 


281-512 


27 pf 


Cer 




SOOv 


10% 


C170 


281-512 


27 pf 


Cer 




SOOv 


10% 


C180A 


290121 


2»*f 


EMT 




25 V 


-10% +150% 


C180C 


285-633 


0.22 Af 


EMT 




lOOv 


10% 


C180E 


283-058 


0.027 Af 


Cer 




lOOv 


10% 


Cl BOG 


2634)51 


0.0033 Af 


Cer 




lOOv 




Cl 81 


281-524 


150 pf 


Cer 




SOOv 




C193 


281-525 


470 pf 


Cer 




SOOv 
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Parts Ust — Type 331 A 



Capacitors ICooi'd) 



Tektronix 

Ckt. No. Part No. DeKription 



C3O0 


281-513 


27 pf 


Cer 




SOOv 




C311 


281-501 


4.7 pt 


Cer 




500v 


±1 pf 


C312 


Use 281-0506-00 


12 pf 


Cer 




SOOv 


10% 


C401 


Use'285-0672-00 


0.1 /if 


PTM 




600v 


C410A 


281-012 


7-45 pf 


Cer 


Vor 






C410C 


281-005 


1.5-7 pf 


Cer 


Vor 






C4ice 


281-536 


0.001 fii 


Cer 




SOOv 


10% 


C410F 


281-536 


0.001 


Cer 




SOOv 


10% 


C412A 


281-010 


4.5-25 pf 


Cer 


Vor 






C412C 


281-005 


1.5-7 pf 


Cer 


Var 






C412E 


281-543 


270 pf 


Cer 




SOOv 


10% 


C414A 


281-010 


4.5-25 pf 


Cer 


Var 






C414C 


281-007 


3-12 pf 


Cer 


Vor 






C414E 


281-516 


47 pf 


Cer 




SOOv 




C416A 


281-007 


3-12 pf 


Cer 


Vor 






C416C 


281-007 


3-1 2 pf 


Cer 


Vor 






C418A 


281-005 


1.5-7 pf 


Cer 


Var 






C418C 


281-010 


4.5-25 pf 


Cer 


Var 






C422 


281-534 


3.3 pf 


Cer 






±0.25 pf 


C423 


283-041 


0.0033 /if 


Cer 




SOOv 


5% 


C436 


2834)59 


1/if 


Cer 




25 V 




C462 


283-003 


0.01 


Cer 




150v 




C472 


283-003 


0.01 /if 


Cer 




150v 




C479 


2834)81 


0.1 /if 


Cer 




25 V 




C483 


2834)10 


0.05 /if 


Cer 




50v 




C484 


283-026 


0.2 /if 


Cer 




25v 




C504 


281-516 


39 pf 


Cer 




SOOv 


10% 


C506 


281-012 


7-45 pf 


Cer 


Vor 






C507 


281-549 


68 pf 


Cer 




SOOv 


10% 


C508 


281-549 


68 pf 


Cer 




SOOv 


10% 


C517 


283-059 


l/if 


Cer 




25 V 




C522 


283-059 


l/if 


Cer 




25 V 




C524 


2834X)3 


0.01 /if 


Cer 




150v 




C412 


Use 2904)086-00 


2000 /if 


EMC 




30v 




0521 


Use *285-0672-00 


0.1 /if 


PTM 




600v 




C629 


290-106 


10 /if 


EMT 




15v 




C654 


283-000 


0.001 /if 


Cer 




SOOv 




C657 


290-201 


100 /if 


EMT 




15v 




C660 


290-218 


500 /if 


EMT 




30v 




0596 


Use 290-0118-00 


2 X 100 /if 


EMC 




SOv 




C701 


283-001 


0.005 /if 


Cor 




SOOv 




C707 


283-000 


0.001 /if 


Cer 




SOOv 




C714 


283-034 


0.005 /if 


Cer 




4000v 




C715 


283-034 


0.005 /if 


Cer 




4000v 




ai6 


2834)22 


0.02 /if 


Cer 




1400v 




C717 


283-034 


0.005 /if 


Cer 




4000 V 




C718 


2634)13 


0.01 /if 


Cer 




lOOOv 




C719 


285-575 


0.1 /if 


PTM 




lOOOv 




C720 


283-034 


0.005 /if 


Cer 




4000v 




C724 


283-000 


0.001 /if 


Cer 




SOOv 





S/N Rartge 



X850-UP 

X400-UP 

X400-UP 
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Ports Lid 



Type 321 A 



Capacitors fConfVJ 



Ckt. No. 


Tektronix 
Part No. 




C730 


290-117 


50 pf 


a3i 


290-117 


50 pf 


C734 


290-117 


50 pi 


C735 


290-117 


SOpf 


C737 


290-167 


10 pf 


C736 


290-201 


100 pi 


C739 


290-201 


100 pf 


a42 


290-217 


250 pf 


C743 


290-138 


330 pf 


C745 


290-140 


120 pf 


C750 


290-201 


100 pf 


C751 


290-201 


100 pf 


C753 


290-137 


100 pf 


C754 


290-201 


100 pf 


C7S6 


290-117 


SOpf 


C757 


290-117 


SOpf 


C7S8 


290-117 


50 pf 


C852 


283-022 


0.02 pf 


C854 


283-013 


0.01 pf 


C864 


283-003 


0.01 pf 


C871 


281-S25 


470 pf 


C874 


290-114 


47 pf 



Descriptiort 



EMT 


50v 


EMT 


50v 


EMT 


50v 


EMT 


50v 


EMT 


15v 


EMT 


15v 


EMT 


15v 


EMT 


12v 


EMT 


6v 


EMT 


lOv 


EMT 


15v 


EMT 


15v 


EMT 


30v 


EMT 


15v 


EMT 


50v 


EMT 


50v 


EMT 


50v 


Cer 


1400 V 


Cer 


lOOOv 


Cer 


150v 


Cer 


500v 


EMT 


6v 



S/N Range 



X400-UP 



Diode* 



Dill 


Use •152-185 


Silicon 


Replaceobie by 1N3605 


D131 


152-008 


Germonium 




D144 


Use •152-185 


Silicon 


Reploceable by 1N3605 


0145 


Use *152-185 


Silicon 


Replaceable by 1 N3605 


0148 


Use *152-185 


Silicon 


Replaceable by 1N3605 


0149 


Use •152-185 


Silicon 


Replaceable by 1N3605 


0150 


152-008 


Germanium 




0153 


Use *152-185 


Silicon 


Replaceable by 1N3605 


0183 


Use *152-185 


Silicon 


Replaceable by 1N3605 


0194 


152-008 


Germanium 




0443 


152-008 


Germanium 




0505 


*152-075 


Germanium 


Tek Spec 


0506 


•152-075 


Germanium 


Tek Spec 


0610 


152-066 


Silicon 


1N3194 


0611 


152-066 


Silicon 


IN3194 


06U 


Use 152-008 


Germanium 




0620 


152-066 


Silicon 


1N3194 


0629 


152-139 


Zener 


1N751 0.4w, 5.1 V. 10% 


0660 


152-066 


Silicon 


1N3194 
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Parts List — Type 331 A 



Ckt. 



D661 

D692 

D700 

D710 

D710 



D711 

D711 

0712 
D712 

0713 
0713 



0714 

0715 

0716 

0717 

0718 

0719 



0720 

0721 
0724 
0726 
0728 
0882 



F601 

F621 



124 

L743 

1745 



Q14 

Q24 

Q35 

Q45 

Q135 



Q145 

Q153 

Q161 

0163 

0173 



Diodes fCont'd) 



No. 



Tektronix 
Part No. 




Description 


S/N Range 


152-066 


Silicon 


1N3194 




152-066 


Silicon 


1N3194 




152-001 


Germoniom 


1N91 




152-008 


Germonium 




100-399 


152-141 


Silicon 


1N3605 


400-up 


152-008 


Germanium 




100-399 


152-141 


Silicon 


1N3605 


400-up 


152-008 


Germanium 




100-399 


152-141 


Silicon 


1N3605 


400-up 


152-008 


Germanium 




100-399 


152-141 


Silicon 


IN3605 


400-up 


152-002 


Silicon 


1N1329 




152-002 


Silicon 


1N1329 




152-002 


Silicon 


1N1329 




152-002 


Silicon 


1N1329 




152-002 


Silicon 


1N1329 




152-002 


Silicon 


1N1329 




152-066 


Silicon 


1N3194 




152-066 


Silicon 


1N3194 




152-066 


Silicon 


1N3194 




152-066 


Silicon 


1N3194 




152-001 


Germanium 


IN91 




Use *152-185 


Silicon 


Replaceable by 1N3605 











Fuses 




159-028 


0.25 Amp 


3AG 


Fast Bio 




159-016 


1.5 Amp 


3AG 


Fast Bio 










Inductors 




•108-237 


80^ 






X400-UP 


•108-200 


40 ^ 








•108-200 


40 ph 









Transistors 



*I5M33 Selected from 2N3251 

•15M33 Selected from 2N3251 

•151-108 Replaceoble by 2N2501 

•151-126 Replaceable by 2N2484 

*151-108 Replaceoble by 2N2501 



•151-108 Replaceable by 2N2501 

151-063 2N2207 

151-063 2N2207 

*151-126 Replaceable by 2N24B4 

151-063 2N2207 
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Part* Ust — Typ* 32 1 A 



Transistors (Cont'd) 



Ckt. No. 


Tektronix 
Port No. 


Description 


Q163 


151-063 


2N2207 


Q194 


1514)63 


2N2207 


0199 


151-071 


2N130S 


0313 


151-063 


2N2207 


0323 


151-063 


2N2207 


0334 


151-063 


2N2207 


0344 


151-063 


2N2207 


0443 


151-063 


2N2207 


0453 


151-063 


2N2207 


0464 


151-063 


2N2207 


0474 


151-063 


2N2207 


0484 


•151-108 


Reploceoble by 2N2501 


0494 


•151-108 


Reploceable by 2N2501 


0504 


151-063 


2N2207 


0514 


151-063 


2N2207 


0519 


151-063 


2N2207 


0524 


•151-126 


Replaceable by 2N2484 


0614 


151-063 


2N2207 


0624 


151-136 


2N3053 


0634 


151-136 


2N3053 


0654 


•151-087 


Selected from 2N1131 


0657 


151-101 


2N2137 


0700 


151-101 


2N2137 


0710 


151-101 


2N2137 


0874 


•151-108 


Replaceable by 2N2501 



Rosistors 



Reaiitors are fixed, composition, :±10% unless otherwise indicoted. 



R2 


Use 315-913 


91 k 


Vsw 




5% 


R14 


316-335 


33 meg 


V4W 






R15 


316-103 


10k 


%w 






R17 


311-345 


20k 


Vor 




L£VEL 


R19 


316-472 


4,7 k 


y-w 






R20 


315-202 


2k 


Vtw 




5% 


R23 


315473 


47k 


'/4W 




5% 


R24 


315-272 


27 k 


’/4W 




5% 


R25 


316481 


680D 


’/4W 






R32 


323-232 


2.55 k 


Vjw 


Prec 


1% 


R33 


323-276 


7.32 k 


Vtw 


Prec 


1% 


R34 


323-333 


28,7 k 


y,w 


Prec 


1% 


R35 


3154)32 


3.3 k 


%w 




5% 


R37 


315433 


43k 


’/4W 




5% 


R36 


315-103 


10k 


’/4W 




5% 


R43 


323-251 


4.02 k 


y»w 


Prec 


1% 



Range 



X400-UP 
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Ports List— ~Typ« 321A 



Rosisters /Cont'dJ 





Tektronix 












Ckt. No. 


Port No. 




Description 






S/N Range 


m 


315-183 


18k 


’/4W 






5% 


R110 


316^ 


68 k 


y«w 








R111 


31M59 


20k 




Var 




STABILITY 


R1I3 


316-562 


5.6 k 


'/4W 








R131 


316492 


3.9 k 


'/4W 








R133 


302-821 


820n 


y*w 








R134 


316-102 


1 k 


'/4W 








RI3S 


315-103 


10k 


'/4W 






5% 


R14I 


315493 


39 k 


'/4W 






5% 


R143 


315-184 


180k 


'/4W 






5% 


R144 


315493 


39k 


'/4W 






5% 


R147 


316-153 


15k 


’/4W 








R148 


315421 


6200 


'/4W 






5% 


R151 


315-102 


1 k 


y*w 






5% 


R152 


316-273 


27k 


y«w 








R153 


315430 


330 


’/4W 






5% 


R160A 


323-486 


1.13 meg 


y*w 




Prec 


1% 


R160C 


323-448 


453 k 


V*w 




Prec 


1% 


R160E 


322-419 


226 k 


'/4W 




Prec 


1% 


R160G 


323-390 


113k 


y,w 




Prec 


1% 


R160J 


323452 


454 k 


VlW 




Prec 


1% 


R160L 


323423 


22.6 k 


VlW 




Prec 


1% 


R160R 


316-223 


22k 


y«w 








R1605 


316-273 


27k 


'/4W 








RIAOT 


316473 


47 k 


'/4W 








R160U 


316-223 


22k 


y«w 








R160V 


311-166 


20k 




Vor 




VARIABLE {Time/Div} 


R160Z 


316473 


47 k 


’/4W 








RU1 


316-151 


1500 


'/4W 








R162 


316-186 


18 meg 


'/4W 








R16S 


316563 


56k 


’/4W 








R167 


316104 


lOOk 


’/4W 








R]^9 


316273 


27 k 


y*w 








R174 


316683 


68k 


y.w 








R176 


311-153 


10k 




Vor 




SWEEP LENGTH 


RI77 


316103 


10k 


'/4W 








R178 


316272 


27 k 


’/4W 








R181 


316104 


100k 


'/4W 








R182 


316153 


15k 


’/4W 








R183 


316333 


33k 


•/4W 








Ri90 


316103 


10k 


’/4W 








R193 


316151 


1500 


’/4W 








Ri94 


316223 


22k 


y,w 








Rl?6 


316331 


330 0 


'/4W 








R197 


316333 


33k 


y.w 
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Parts List—- Type 321A 



Rasistors (Cant'd) 





Tektronix 












Ckt. No. 


Port No. 




Description 






S/N Range 


R198 


315-243 


24 k 








5% 


R199 


316-273 


27 k 


’/4W 








R300 


Use 322-365 


61.9 k 


y,w 




Prec 


1% 


R301 


323-442 


392 k 


V,w 




Prec 


1% 


R302 


315-684 


680k 


V4W 






5% XI 130-op 


R3I1 


323-348 


41.2 k 


y,w 




Prec 


1% 


R3I2 


323-286 


9.31 k 


y,w 




Prec 


1% 


R316 


323-346 


39.2 k 


y»w 




Prec 


1% 


R317 


316-472 


47 k 


V4W 








R322A \ 
R322B ) 


311-429 


100k 

10k 


Vorj 


VERNIER 

HORIZONTAL POSITION 
COARSE 




R323 


316-392 


3.9 k 


'/4W 








R324 


316-183 


18k 


V4W 








R325 


315-103 


10k 


’/4W 






5% 


R32<$ 


315-103 


10k 


’/4W 






5% 


R327 


316472 


47 k 


’/4W 








R328 


321-177 


681 n 


'/•W 




Prec 


1% 


R333 


323-289 


10k 


VsW 




Prec 


1% 


R336 


323-308 


15.8 k 


’/sw 




Prec 


1% 


R338 


311-328 


1 k 




Var 




HORIZ GAIN 


R343 


323-286 


9.31 k 


'Aw 




Prec 


1% 


R346 


323-308 


15.8 k 


y,w 




Prec 


1% 


R347 


321-117 


162 0 


y,w 




Prec 


1% 


R348 


311-461 


250 0 




Vor 




MAG GAIN 


R410C 


323-481 


1 meg 


y,w 




Prec 


1% 


R410E 


323-193 


1 k 


y,w 




Prec 


1% 


R412C 


323-614 


990k 


VjW 




Prec 


1% 


R412E 


322-605 


10.1 k 


’/4W 




Prec 


1% 


R414C 


323-611 


900k 


’Aw 




Prec 


1% 


R4UE 


323-610 


11 k 


'Aw 




Prec 


1% 


R416C 


323-620 


eook 


'Aw 




Prec 


1% 


R414E 


322-614 


250 k 


'Aw 




Prec 


1% 


R418C 


322-610 


500k 


'Aw 




Prec 


1% 


R418E 


323-481 


1 meg 


'Aw 




Prec 


1% 


R420 


316-470 


47 k 


'Aw 








R422 


323-481 


1 meg 


'Aw 




Prec 


1% 


R423 


316494 


390k 


•Aw 








R424 


31^70 


470 


'Aw 








R427 


316-103 


10k 


'Aw 








R432 


Use 311-387 


5k 




Var 




DC SAL 


R434 


323-329 


26.1 k 


'Aw 




Prec 


1% 


R435 


301-514 


510k 


'Aw 






5% 


R436 


323-221 


1.96 k 


'Aw 




Prec 


1% 


R437 


322-298 


12.4k 


'Aw 




Prec 


1% 


R443 


316-682 


6.8 k 


'Aw 








R453 


316482 


6.8 k 


'Aw 









7-21 




Pgrts Ust-~-Typ« 321A 



ftmlsters fConf'dJ 



Tektronix 



Ckt. No. 


Part No. 




Description 






S/N Range 


R454 


315-223 


22k 


V,w 






5% 


R455 


311-345 


2 X 20k 


0.2 w 


Vor 




VERTICAL POSITION 


R457 


315-223 


22k 


'4w 






5% 


R4^2 


315-392 


3.9 k 


•4w 






5% 


R464 


321-109 


133 Q 


y,w 




Prec 


1% 


R466 


311-477 


780 n 




Vor 


WW 


VARIABLE 


R468 


311-258 


lOOn 




Vor 




VERT GAIN 


R472 


315-392 


3.9 k 


%W 






5% 


R476 


323-284 


8.87 k 


y,w 




Prec 


1% 


R478 


323-284 


8.87 k 


'/jw 




Prec 


1% 


R479 


323-221 


1.95 k 


y,w 




Prec 


1% 


R482 


323-233 


2.51 k 


y*w 




Prec 


1% 


R483 


323-197 


1.1 k 


’/iw 




Prec 


1% 


R484 


323-231 


2.49 k 


Vjw 




Prec 


1% 


R489 


323-221 


1.95 k 


’/jw 




Prec 


1% 


R492 


323-233 


2.51 k 


»/jW 




Prec 


1% 


R494 


323-231 


2.49 k 


'/jw 




Prec 


1% 


R502 


323-245 


3.48 k 


y,w 




Prec 


1% 


R504 


321-107 


12711 


y.w 




Prec 


1% 


R505 


321-081 


58.1 a 


y,w 




Prec 


1% 


R506 


315-151 


150n 


’/4W 






5% 


R509 


323-145 


324 0 


y,w 




Prec 


1% 


R511 


323-145 


324 0 


y*w 




Prec 


1% 


R512 


323-245 


3.48 k 


y,w 




Prec 


1% 


R516 


323-150 


453 0 


y,w 




Prec 


1% 


R517 


323-223 


2.05 k 


y,w 




Prec 


1% 


R519 


323-200 


1.18k 


'Aw 




Prec 


1% 


R520 


321-381 


90.9 k 


y.w 




Prec 


1% 


R52I 


321-318 


20k 


y.w 




Prec 


1% 


R522 


321-333 


28.7 k 


y,w 




Prec 


1% 100-399 


R522 


321-331 


27.4 k 


y.w 




Prec 


1% 400-up 


R523 


321-204 


1.3 k 


y.w 




Prec 


1 % X4oaup 


R524 


315-222 


2.2 k 


y.w 








R52S 


31(^582 


5.8 k 


y.w 








R602 


311-344 


100O 




Vor 


WW 


SCALE ILLUM 


R610 


308-175 


10O 


lOw 




WW 


5% 


R612 


302-582 


5.8 k 


y.w 






X171-UP 


R622 


315-241 


240 0 


y.w 






5% 


R624 


316-102 


1 k 


y.w 








R63I 


315-112 


1.1 k 


y.w 






5% 


R635 


308012 


400 


lOw 




WW 


5% 


R644 


316-470 


47 0 


y.w 








R650 


323-202 


1.24 k 


‘Aw 




Prec 


1% 


R<S51 


311-380 


soon 




Vor 


WW 


10 V ADJ 


R652 


323-204 


1.3k 


'Aw 




Prec 


1% 


R692 


308-110 


1000 


8w 




WW 


5% 


R693 


308-174 


1170 


8w 




WW 


5% 


R694 


305^1 


580 0 


2w 








R695 


323-153 


487 0 


’Aw 




Prec 


1% 
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Port* List — Typ* 321 A 



Resistors (Cont'd) 



Tektronix 

Ckt. No. Port No. Description S/N Range 



R696 


333-1^ 


487 Q 


'/sw 




Free 


1% 




R697 


323-204 


Uk 


’/iw 




Free 


1% 




R699 


302-101 


100Q 


VjW 










R700 


316431 


330 0 


V4W 










R701 


302-100 


ion 


'/jw 










R707 


316-223 


22k 


V4W 










R714 


302-104 


100k 


y,w 










R718 


316-105 


1 meg 


'/.w 










R719 


316-472 


4.7 k 


’/4W 










R720 


302-105 


1 meg 


y»w 










R731 


316-101 


1000 


’/4W 








100-399 


R731 


315-221 


2200 


VsW 






5% 


400-up 


R735 


316-471 


470 0 


’/4W 










R737 


316-560 


560 


’/4W 










R739 


316-390 


390 


y^w 








100499 


R739 


315-330 


330 


'/4W 






5% 


400-up 


R751 


31^70 


470 


’/4W 










R753 


316431 


330 0 


y,w 










R754 


316-221 


220 0 


'/4W 








100-399 


R754 


315-121 


1200 


'/4W 






5% 


400-up 


R757 


316-101 


100O 


’/4W 








100-399 


R757 


3150181-00 


1800 


’/.W 






5% 


400-up 


R758 


316-100 


10O 










X400-UP 


R841 


301-225 


24 meg 


y*w 






5% 




RS42 


311449 


2 meg 


0.2 w 


Var 




FOCUS 




R843 


301-624 


620 k 


y*w 






5% 


100-1999X 


R844 


311-451 


500k 




Var 




INTENSITY 


100-1999 


RS44 


311-0589-00 


250 k 




Var 




INTENSITY 


2000-up 


R84S 


301-156 


15 meg 


y»w 






5% 




R849 


301-186 


18 meg 


VjW 






5% 




R85i 


316-105 


1 meg 


'/.w 










R354 


302-105 


1 meg 


y,w 










RS61 


311-157 


100k 




Var 




GEOM ADJ 




RB64 


311-347 


100k 


0.2 w 


Var 




ASTIGMATISM 


R871 


316-104 


100k 


'/4W 










R874 


316-151 


1500 


’/4W 










Real 


316-222 


2.2 k 


’/4W 










R882 


323-272 


6.65 k 


y,w 




Free 


1% 




R884 


311423 


1.5k 




Var 


VAV 


CAL AMPL 




R886 


321-169 


562 0 


Vsw 




Free 


1% 




R887 


316-274 


270 k 


’/4W 










R88S 


321-067 


48.70 


y.w 




Free 


1% 





Switches 

Unwired Wired 



SW2 


260-449 


Slide 


INT-EXT 


SW8 


260-449 


Slide 


AC-DC 


SW15 


260-447 


Slide 


SLOPE 


SW17 


260-296 *262-662 


Rotary 


AUTO (Uvell 
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Paris List — Type 321 A 



Switches fCont'dJ 





Tektronix 








Ckt. No. 


Port No. 




Description 


S/N Range 


Unwired Wired 








SW160 ) 




Rotary 


TIME/DIV 




SW348 I 


260-374 *262-660 


X 5 MAG 




SW401 


260-446 


Slide 


AC-DC-GND 




SW410 


260-625 *262-661 


Rotary 


VOLTS/DIV 




SW421 


260-617 


Rotary 


POWER 




SWd92 


260-450 


Slide 


CHARGER 




TK621 


260-611 


Thermol Cutout 155*F ±8*F 










Transformers 




TdOl 


*120-152 


Power 






T701 


*120-210 


Converter 


Electron Tubes 




V423 


Use*1 54-0306^ 


7586. Aged 






V859 


•154-433 


T3211-31 Crt Stondord Phosphor 
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IMPORTANT 



All circuit voltages were obtained with a 20,000 ^2/v VOM. 
All readings are in volts. 



Actual photagrophs of woveforms are shown. 



Voltage ond woveform measurements may vary due to normal com- 
ponent tolerances. Measurements were obtained by setting up the Type 
321 A for the following general conditions: 



AC line voltage 


Design center 
(1 15 V or 230 v) 


POWER 


ON EXT 


Charger switch 


DRY CELLS 


FOCUS 


Midronge 


ASTIGAAATISM 


Midrange 


INTENSITY 


Midrange 


TIME/DIV 


.2 MILLI SEC 


VARIABLE (TIME/DIV) 


CALIB 


5X A\AG knob 


Pushed in 


TRIGGERING 


INT-EXT 


INT 


AC- DC 


AC 


SLOPE 


+ 


VARIABLE (VOLTS/DIV) 


CALIB 


AC-DC-GND 


GND 



Refer to the schematic diagram of the circuit being checked to find the 
remaining conditions under which voltage and waveform measure- 
ments were obtoined. 




POWER 

COVIkJECTOR 

^ *20v TO i-asy 



♦ I I.SV TO +ZOV 



I I 5V 

zaov 

AC 



POWER 

SUPPt.V 



I BATTERIES 



COUMOM NE&ATIVC 






t: 



o*« 



1 POWER) 

SW 62 I EXT 
ON 

rTRlCKLE O 

PUU. O 

^BATT ON ^ 



O’i-O- 



TYPC S2IA OSCILLOSCOPE 








CONVERTER 


REGULATOR : 






OBI4 QfeS4 


iOV 

acf“ 


POWER 


0«24 Q«94 




SUPPLIES 




- 


0700 0710 



BLOCK 



MRK 

S&4 

DIAGRAM 


















VERTICAL AMPLIFIER & CALIBRATOR 



Quiescent VOLTAGE READINGS were obtained with controls set as fol- 
lows; 



VOLTS/DIV 1 

VERTICAL POSITION ccw {upper readings) 

cw (lower readings) 



WAVEFORMS were obtained with controls set os follows: 



VERTICAL POSITION Midrange 

VOLTS/DIV CAL 4 DIV 



Also, see IMPORTANT note on Block diagram. 




TIME-BASE TRIGGER 



VOLTAGE & WAVEFORM dynamic measurements were obtained with 
controls set os follows: 



TRIGGERING LEVEL AUTO 

VOLTS/DIV CAL 4 DIV 



Also, see IMPORTANT note on Block diagram. 




TRICCER IWPUT Ak/IPLiriCR 



TRIGGER MULTIVIBRATOR 




IV/OIV 



TO oia» 
TURU C1SI 



av/oiv 



o/^ 

MM 999 



024 

MM999 



O.SV/OIV 



*UTOO 



-lOV 

{^to 



Zf 

AUTO o I 



+tov 



Swn CAMC&D WiTM Rf7, 
TRtGC>&RtHC LCV£L CCUT&OU 
OP£H OMLV m 

AUTO TRiCCCStMC RO&lTlOM 



H CAL>^RAT0R WAVePORM 
* TRIOCftR MULTJ WAVtrORM 



OVCRTtCAL AMPLIPltR ^ CALIBRATOR 
3>tlME-BASe CCNERATOR 







-p- — •. 


rr 


. rr 1 




' »■ 


S3 


' . 1 



O 





TIME-BASE GENERATOR 



Quiescent VOLTAGE READINGS were obtained with controls set as fol- 
lows: 



VOLTS/DIV 
TRIGGERING LEVEL 



CAL 4 DIV 

30‘ cw from AUTO 
(sweep not triggered) 



WAVEFORMS were obtained with controls set as follows: 



VOLTS/DIV CAL 4 DIV 

TRIGGERING LEVEL AUTO 



Also, see IMPORTANT note on Block diagram. 




UMftLAMKiMC AHPUrieS 





+IOV 



♦ lOV 



♦ lOV 



*7K 



40V 



OUBLAN«MCi PUbK 
TO PIM 4. V8S» 



MILLER CIRCUIT 



VARIABLE 



C,6V/0IV' 



+10V 



♦ lOV 



♦ lOV 



RIBO 



&WECR-&ATIUC MULTIVIBRATOR 



AlOV 



»WCEP 

LCHCTH 



RI47 

ISK 



5V/e»V 



0161 

2HZZ07 



RIBT 

lOOK 



RI7« 

lOK 



r^'r\r 



RI77 

lOK 



01^9 



SAWTOOTH 
TO SWiRO 



SWiRO 

T»MC/D1V 



SV/OIV 



W/DW 



\ mSlC/D»V 



RI44 

99R 



HOLD -OFF CIRCUIT 



4-;cv 



»TAR>LITV 



mei 

iOOK 



tOiblUC CAU 

TO HVM 

TC AVO'D TUi<.USi A U>OwtR 
VOUTMtTtR RAWCt. 



T(MC - BA^L TRlCGCR 
TIMC/01V SW1TCM 
HORIZONTAL AMPLIFIC.R 



SWIT 



5V/0IV 



sv/oiv 



i GANCZO WITH LtVCL CONTROL. RIT 

10 V OPLU OULY IH FRCf RUM POSITION < 



CRT CIRCUIT 










-i=i— j=F 

. ... t 








. . B • 





RIAI-? . 


LCI4I 


1 »’<?' 


- S9 


L 


L—/5 



lQ*J/PtY 


t 

1 • 


. . rt. 


^ 




- •• 



time: -BASE 



MRH 

4S4 



GENERATOR 




TYPE iEIA OSCILLOSCOPE 



A 







HORIZONTAL AMPLIFIER 



Quiescent VOLTAGE READINGS were obtained with controls set as fol- 
lows: 



VOLTS/DIV 
TRIGGERING LEVEL 

HORIZONTAL POSITION 



CAL 4 DIV 

30* cw from AUTO 
(sweep not triggered) 

ccw (upper readings) 
cw (lower readings) 



WAVEFORMS were obtained with controls set as follows: 



VOLTS/DIV 
TRIGGERING LEVEL 
HORIZONTAL POSITION 



CAL 4 DIV 

AUTO 

Midrange 



Also, see IMPORTANT note on Block diagrom. 




REGULATOR 



VOLTAGE READINGS were taken with VOM negative lead connected 
to COMMON NEGATIVE bus. 



Also, see IMPORTANT note on Block diagram. 





DRV CCLL«( 




.pRICKLE I 
PULL I 



^ R 694 

6*TT ©N «>»0 



swsai J 

iPOWERk— ’ 





R«izi -Lc»l 2 
Twocui/ 



CC>96 

SX laouf 




IZV ' 

( 10 'O’ CE»-LS) • 



B 60 I B 602 
CRATICUU2 LIGHTS 



-0-fc2 



OV 06 /^ 

SUZZOT 



COMMON HtGATlVE 



06S7 

ZNZIS7 



10654 

\i5i-<m 



lOV 2R6SO 

\Q62* 0634 *0J <i.24K 

^V 305 S ZU30H \ 



lOV 

R&GULATeO 
TO CONVCRTBil 
A car CIRCUIT 



4 M . »V 4 %OV 



V4R(t^ W»TU umt VOlTaCI 



LOW 

i^ATTlIUCS 



SCf Aun USI fcAtUR 
VAUtfS MO SCM MUMM 
iAMOU Of ttlii MAattt 
W^TH KOt Ounjl« 



4ZOV TO 



TVPC 32tA OSCkLUOSCOPC 



REGULATOR CIRCUIT <$> 




CONVERTER 



WAVEFORMS were taken after Inserting a 3'to*2 wire line cord adapter 
in series with the Type 321 A ac power cord to reduce hum modulation. 
If hum modulation is not reduced when using an adopter, unplug the 
adapter from the line, turn the plug 180° and reinsert it into the line. 



See IMPORTANT note on Block diagram. 




CRT 



See IMPORTANT note on Block diagram. 





3SIA OSC lu L OSCO F e 



M( usr rot uiuft 

V4(W» A»£> il«Al NUMHI 

ruNon c* ^trs 
WITH lull OgtUNE 



M RM 

CRT CIRCUIT-^ 



MANUAL CHANGE INFORMATION 

At T«ktronix, we continually strive to keep up with 
lotest electronic developments by adding circuit and 
component improvements to our instruments as soon 
os they ore developed and tested. 

Sometimes, due to printing and shipping require- 
ments. we can't get these changes immediately into 
printed manuals. Hence, your manual may contain new 
change information on following pages. If it does not, 
your manuol is correct os printed. 




TYPE yzik airr sr 2890 



PARIS LIST COnSCTIOR 



CHAIOE TO: 



R410C 


?23>04dl-0I 


1 MO 


1/2 w 


1/2* 


Ri^XCB 


325-0193-01 


1 kn 


1/2 w 


1/2* 


RU12C 


323-0614-01 


990 kn 


1/2 W 


1/2* 


RU12B 


322-1289-01 


10.1 kn 


1/2 W 


1/2* 


RUi4c 


323-0611-01 


900 kfl 


1/2 tf 


1/2* 


R41Us 


323-1589-01 


m kn 


1/2 W 


1/2* 


rui6c 


523-0620-01 


800 kn 


1/2 W 


1/2* 


R4i6e 


522 - 06 i 4-01 


230 kn 


1/4 V 


1/2* 


R4i8C 


322-0610-01 


500 kn 


1/4 If 


1/2* 


R4i6E 


323-0481-01 


1 Kn 


1/2 W 


1/2* 


R422 


523-0481-01 


1 Mn 


1/2 W 


1/2* 



M9682/766 




TYPE 32U 



TENT 3N 3030 



PARTS LIST CORRECTION 



CHATJCE TO: 

CI6OM 285-OIU8-OO 1*70 pF 



Cer 5^ 



Mir,?irio/ 




TYPE 521A TENT SN 3130 



r-FTHANICAL PAHTS LIST CORRECTION 

Page 7-1^1 STANDARD ACCESSORIES, 

Change REP. NO. 1 to read I 

010-0203-00 1 PROBE, package, P6012 



641/1166 




TYPE 32 U 



TENT SN 3290 



PARTS LIST CORRECTION 

ADD: 

DI5I 152-0185-00 Silicon 6185 

RI6OK 316-0186-00 18 meg 1 /^ w ^ 0 % 

SCHEMATIC CORRECTION 
RI6CK is added in parallel with Rl 60 J. 




Mil, 715 / 167 




TYPE 321A 




'ii 









• 6-MHx BANDWIDTH AT lOmV/OIV 

• SMAU SIZE — LIGHT WEIGHT 

• ALL SOLID-STATE DESIGN 

• LOW POWER CONSUMPTION 

• AC, OC, OR BAITfRy OP£RAT£D 

• UP TO 8 -HOURS OPf RATION FROM INTERN A1 
BATTfRIES 

• DESIGNED FOR SEVERE ENVIRONAUNTS 

The Type 32IA is a high-performance DC to-^MHz Oscillo- 
scope. Its rugged meehanicol and elecirical design plus o 
choice of power opHons make it ideal for field operations 
requirirtg occurote waveform measurements. FET inputs provide 
low drift and fosi slabilizotion time. With internol botteries, 
it weighs 17'/] pounds; without botteries, it weighs 1i pounds. 



CHARACTERISTIC SUMMARY j 

VERTICAL 

BANDWIDTH— DC to 6 MHr. 

RISETIME— 58 ns 

CALIBRATED DEFLEaiON FACTOR— lOmV/div to 20V/div, 
DC coupled. 

INPUT RC — 1 megohm paralleled by approx 35 pF. 

HORIZONTAL 

CALIBRATED TIME BASE-0.5 #is/div to 0.5s/div. 

X5 MAGNIFIER — Extends lime bose to 0.1 /ss/div. 

EXTERNAL INPUT— 1 V/div, DC to I MHz. 

CRT 

DISPLAY AREA — 6xl0div. Eoch div equal to % inch. 

ACCELERATING VOLTAGE— 4 kV. 

PHOSPHOR— P31 

OTHER 

AMPLITUDE CALIBRATOR— 500-mV squorewave peak to pe< 
ond internal 40-mV squorewave peak to peak at oppr< 

2 kHz. 

POWER OPTIONS— 10 size D batteries; externol DC supply 
11.5 to 35 V, <700 mA; 115 VAC ±:10% or 230 VAC ±10' 
45 to 800 Hz, 20 W. 

fe ^ 
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VERTICAL DEFLECTION 



bandwidth 

DC to 6 MHz of 3-dB down. Low-frequency 3-dB-down point 
with AC coupling i$ <2 Hz, extended to <0.2 Hz when us- 
ing the included lOX probe. 

RISETIME 
<58 ns. 

DEFlEaiON FAaOR 

lOmV/div to 20V/div in II calibrated steps (1-2-S sequerKe), 
accurate within 3%. Uncalibraled, continuously varioble 
between steps and to approx 50V/div. 

INPUT RC 

I megohm within 2%, paralleled by 41 pF within dpF. 

MAXIMUM INPUT VOLTAGE 
500 V (DC + peak AQ, <500V P-P AC. 

HORIZONTAL DEFLECTION 

TIME BASE 

0 S/i^/div to 0.5s/div in 19 calibrated steps (1-2-S sequence), 
accurate within 3% over center 8 divisions. Uncalibrated, 
continuously vorioble between steps ond to approx I.Ss/div. 

X5 MAGNIFIER 

Extends all time bose steps, the fastest to 0.1 ;is/div. 
Mognified display accurote within 5% over center 8 divisions. 

EXTERNAL INPUT 

1 V/div ±10% with X5 magnifier. DC to >1 MHz ot — 3dB. 
Input RC 100 kn within 5% poraileled by 25 pF within 5 pF, 

TRIGGER 

MODES 

Automatic or monuol level selecHon, or free run. Automatic 
operation is useful above 50 Hz, minimizes trigger adjustment 
for signals of different amplitudes, shopes, and repetition 
rates. With no input, automatic triggering occurs ot on 
opprox 50-Hz rate, providing o convenient reference trace. 

COUPLING 
AC Of DC 



SOURCES 

Internal or exierrtol. External trigger input RC 100 kO within 
20% poraileled fay 9 pF within 4 pF. 

requirements 

0.2-div deflection or 1 V external from DC to 1 kHz, increasing 
to 1-div deflection or 3V exterool of dMHz. Requirements 
increase below I kHz for iniernol AC coupled triggering, 
ond below opprox 30 Hz with externol AC-coupled triggering. 



CRT 

TEKTRONIX CRT 

6x 10-div display area; eoch div is % inch. 3-inch tube pro- 
vides bright trace, utilizes low heoter power. 4-kV acceler- 
ating potential. P31 phosphor normolly supplied; P2, P7, or 
P1 1 ore optionol without extro charge. Consult your Field 
Engineer, Representative, or Distributor for opplicotion in- 
wmotlon ortd ovoilobiiity. Z-oxis input is AC coupled, 5 V 
P-P at 1 kHz gives visible Iroce modulotion of normol inten- 
sity. 



TYPE 3 21 A 

GRATICULE 

External; varioble edge lighting when instrument is operoled 
from AC line. Verficol ond horizontal centerlines marked in 
5 minor divisions per major %-inch division. 

ENVIRONMENTAL CAPABILITIES 

AMBIENT TEMPERATURE 
Operoting (without batteries) — 15*C to -f55*C. 

(with boHeries installed) Chorge Range, O'C to 
-|-40*C; Discharge Ronge, --I5*C to 40*C. 
Non-operating (without batteries) — 55*C to -f-75*C. 

(with botieries installed) — 40*C to -f60*C. 

ALTITUDE 

Operating; 15,000 ft mox. 

Non-operoling: 50,000 ft max. 

VIBRATION 

Operoting: IS minutes along each of 3 axes at 0.025 in peak 
to peak displacement (4 g's ot 55c/s), 10 to 55 to lOc/s 
in 1-minute cycles. 

SHOCK 

Operating; 20 g's, '4 sine, 11 -ms duration. Two guillotine- 
type shocks per oxis each direction for a total of 12 shocks. 
Non-operating: 60 g's, '4 sine, 11-ms duration. One guillo- 
tine-type shock per oxis eoch direction for a total of 6 shocks. 

HUMIDITY 

Non-operating: Meets electrical performance specifications 
after exposure to five cycles (120 hours) of Mil-Std-202C, 
Method 106B (omit freezing and vibrotion, ond allow o post- 
test drying period at -t-20*C ond 25% to 80% relative 
humidity). 



OTHER CHARACTERISTICS 

AMPLITUDE CALIBRATOR 

500 mV at external jack; accurate within 3% throughout op- 
eroling ronge. 40 mV applied internally lo vertical omplifier; 
accurate within 2% throughout operoting ronge. <1-/xs rise- 
time; 2 kHz ±20% repetition rate; 45% to 55% duty cycle. 

POWER OPTIONS 

Wired for 115V RAAS ±10%. 45 lo SOOHz; topped trons- 
former olso allows operotion ot 230V ±10%; 20-W maxi- 
mum power consumption for oscilloscope only, 30 W maxi- 
mum with internal batteries under full charge. Operotes on 
external DC supply from 11.5 to 35V DC; draws <600 mA. 
Operates on 10 internal size D batteries. NiCd rechargeable 
cells provide approx 6 hours continuous operation. Front- 
panel light indicates when internal batteries ore low, or (using 
externol power) when the voltage source drops too low for 
proper power supply regulation. Rechorge requires at least 
16 hours. 

BATTERY CHARGER 

Internal charger provides two different charging currents lo 
the internal batteries A trickle charge or o full charge is ap- 
plied to the iniernol batteries when the instrument is turn^ 
off, but connected to the AC line. 
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TYPE 321A 



DIMENSIONS AND WEIGHTS 



Cords S’ Xw-j Q_^ Mui. wi' Wv £o«»tfTrr^ c^'fv<n 



Height 


8»A in 


22.2 cm 


Width 


5% in 


14.6 cm 


Depth 


W/t in 


41.9 cm 


Net weight 


Uy* lb 


6.5 kg 


Domestic shipping weight 


5522 lb 


=10.0 kg 


Export packed weight 


=33 lb 


=15.0 kg 



INCLUDED STANDARD ACCESSORIES 
P6012 10X probe IOIO-0203-00); two 18-inch BNC-lo-banono 
plug patch cords (012-0091-00); DC power cord {161-0016- 
01); AC power cord (161-0015-01); 3 to 2-wire adapter (103- 
0013-00); smoke-gray light (liter (378-0542-00); mesh hiter, 
instolled (378-0S77-0Q; two instruction tnanuols (070-042S-00). 

TYPE 321A OSCILLOSCOPE, without boHeries $975 

OPTIONAL ACCESSORIES 

Optional accessories increase measurement capability and 
provide added convenience. The stondard lOX probe supplied 
with the instrument satisfies most measurement requirements; 
optional probes may be better suited (or particular applica- 
tions. In oddition to the listed optional probes, other probes 
are avoiloble (or current and high-voltage measurements. See 
catalog accessory pages for additional information on these 
and other items. 



C-30A CAMERA CARRYING CASE 
Constructed of heovy-gage, high-impact plostic, hot (oom- 
backed, vocuum-formed styrene liner. Holds C-30A Comero, 
all standard accessories and extra film, 

Order 016-0126-00 $ 35 



C-30A COMPACT CAMERA 

f/1.9 lens, magnificotion variable from 1.5:1 to 0.7:1, Polaroid 
Lend* Pock-Film bock for 3000-speed film, order C-30A-P . . . 
$450 

321 A to C-30A Camera adapter, order 016-0242-00 $ IS 

'Rtgitlcrcd Trad*moik Polaroid Cerperelion 



CARRYING CASE 

Protects Type 321 A, provides convenient accessory storage 



comportment, order 016-0026-00 

RECHARGEABLE BATTERIES 

Eoch NiCd cell, order 146-0010-00 $ 7 

Set of 10 NiCd cells, order 016-0077-01 $ 70 

PROBES 

P6007 100X Probe Pockoge, order 010-0150 00 $26 

P60I1 IX Miniature-Probe Pockoge, order 010-0193-00 . . $19 



U.S. Sal«i PnetB FOB Beoverton, OftOCM 
Fkost raf<r 1o Ttrms ond SKtpmont, Generol IriformohoA po^. 
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